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1 Introduction 
Whereas investigating teachers’ professional knowledge and beliefs has a long tra-
dition in mathematics education research (e.g., Shulman, 1986; Ball, Thames & 
Phelps, 2008; Kersting, 2008; Leder, Pehkonen & Törner, 2002), approaches re-
lated to the notion of competence form a more recent topic (e.g., Kunter et al., 2013; 
Kaiser et al., 2015). Although quite different perspectives on the concept of com-
petence exist (e.g., Blömeke, Gustafsson & Shavelson, 2015), there is agreement 
that the competence approach aims at identifying the characteristics and qualities 
teachers need in order to meet the demands of their profession (Baumert & Kunter, 
2013) and that those characteristics can be taught and learned in the framework of 
professional development (Weinert, 2001a, b). However, there is no “competence” 
per se and the definition of any competence construct requires identifying a relevant 
context, i.e. a content domain or a type or range of situations (Hartig, 2008). The 
starting point to define profession-related competences for teachers are thus the 
professional demands and tasks that teachers have to master in order to create ef-
fective teaching and learning situations in the classroom and enable students to 
achieve their learning objectives (Lindmeier, 2011; Koeppen et al., 2008; Baumert 
& Kunter, 2013). For mathematics teachers, demands related to the use of multiple 
representations, such as selecting representations for particular purposes were iden-
tified as core tasks of teaching (Hill, Schilling & Ball, 2004; Ball, Thames & Phelps, 
2008). As numerous studies in this context have found changes between different 
representations of a mathematical object to be a major threshold for students’ learn-
ing (Goldin & Shteingold, 2001; Ainsworth, 2006; Duval, 2006), special attention 
and help from the teacher is needed to support these cognitively complex processes 
and to avoid serious learning difficulties (e.g., Dreher & Kuntze, 2015a). In order 
to meet such professional requirements related to the use of multiple representa-
tions, mathematics teachers need a certain awareness as well as corresponding 
knowledge on the complex demands students have to master when dealing with 
multiple representations (Duval, 2006; Mitchell, Charalambous & Hill, 2014; 
Dreher & Kuntze, 2015a, b). Furthermore, they have to be able to analyse class-
room situations in order to link such knowledge to relevant observations regarding 
the use of multiple representations, so that changes between representations can be 
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identified and interpreted as potentially problematic for students’ understanding 
(Friesen, Dreher & Kuntze, 2015; Friesen & Kuntze, 2016).  
There is a broad consensus that teachers’ analysing of classroom situations is an 
important prerequisite for providing students with adequate learning situations and 
learning support (e.g., Sherin, Jacobs & Philipps, 2011; Schoenfeld, 2011; Santa-
gata & Yeh, 2016). Reviewing current frameworks of professional competence 
(e.g., Baumert & Kunter, 2013; Kaiser et al., 2015) reveals, however, that teachers’ 
analysing of classroom situations regarding changes between multiple representa-
tions and related demands for students have so far not been sufficiently accounted 
for. 
Consequently, the study presented here focuses on changes between multiple rep-
resentations and aims at conceptualising teachers’ analysing regarding the use of 
multiple representations in classroom situations as an important profession-related 
competence of mathematics teachers. As empirical evidence regarding the assess-
ment of such a competence is still scarce, this study also aims at contributing to 
methodological questions related to the assessment of teachers’ competence of an-
alysing the use of multiple representations. 
Therefore, a vignette-based instrument was developed, which comprises of six 
classroom situations in which dealing with changes between multiple representa-
tions plays a key role. Building on research by Dreher & Kuntze (e.g., 2015a), the 
classroom vignettes were situated in the context of learning fractions, as the inte-
gration of multiple representations is regarded as particularly significant for stu-
dents’ understanding in this content domain (e.g., Ball, 1993a; Charalambous & 
Pitta-Pantazi, 2007). Whereas it is widely acknowledged that vignette-based test 
instruments are particularly suitable to account for the context-specifity of compe-
tence constructs (Kaiser et al., 2015; Blömeke, Gustafsson & Shavelson, 2015), 
there is hardly any empirical evidence regarding the impact of different vignette 
formats and different question formats on teachers’ analysing of classroom situa-
tions. Such item characteristics might, however, affect item difficulty and could 
thus cause limitations for the interpretation of assessment results (e.g., Hartig, 
2008). It is therefore of particular importance to explore the role of item character-
istics for the participants’ analysing regarding the use of multiple representations.  
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With the aim to fill this gap in research, each of the six classroom situations was 
implemented in the format text, comic and video using a multiple matrix design 
with test booklets. Open-ended questions as well as rating-scale items were applied 
to each vignette in order to explore the role of such item characteristics. The test 
instrument was administered to N = 298 student teachers, pre-service teachers and 
in-service teachers. With the aim to account for the individual participants’ compe-
tence of analysing as well as for relevant item characteristics, Rasch models were 
used to analyse the data (Bond & Fox, 2015).  
Chapter two will outline the essential role of multiple representations for learning 
mathematics (section 2.1) and derive corresponding professional requirements for 
mathematics teachers (section 2.2). The state of research on corresponding profes-
sional knowledge (section 2.3) and teachers’ analysing (section 2.4) of classroom 
situations regarding the use of multiple representations will be presented. In the 
next section, concepts of competence related to this study will be introduced (sec-
tion 2.5). The competence of analysing regarding the use of multiple representations 
as used in this study will be defined (section 2.6), before different approaches to 
competence assessment will be described (section 2.7). Chapter three will present 
the research interest and the research questions of this study. Methods, design and 
the sample of this study will be described in chapter four before the results are 
presented in chapter five. In the final chapter six, the findings of the study will be 
summarised according to the research questions. Limitations of the study will be 
outlined. Conclusions and implications for further research will be described in the 
last section (section 6.6).  
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2 Theoretical background 
The aim of this study is to conceptualise teachers’ analysing of classroom situations 
regarding the use of multiple representations as a key aspect of mathematics teach-
ers’ professional competence and to develop a vignette-based test in order to assess 
this competence. The following chapters will accordingly provide insight into rele-
vant theoretical concepts and the state of research related to this study.  
2.1 The role of multiple representations for learning mathematics 
The use of multiple external representations to support learning is widespread in 
traditional classroom settings as well as in computer-based environments (e.g., 
Lesh, Post & Behr, 1987; Ainsworth, Bibby & Wood, 2002; Ainsworth, 2006; 
Mayer, 2014). Most learning situations involve words and graphics, be it in the form 
of spoken language or printed texts, illustrations, graphs, diagrams, pictures or an-
imations. Education research and cognitive science provide various explanations 
for the benefits of learning with multiple representations. Bruner (1966), for exam-
ple, states that in relation to different subject matters, different ages and different 
learning styles among learners, any idea or body of knowledge can be presented in 
a form simple enough so that any particular learner can understand it: by action 
(enactive representation), by images or graphics (iconic representation) or by sym-
bolic or logical propositions (symbolic representation). Ainsworth (1999, 2006) 
claims that by combining different representations, learners might benefit from the 
advantages of each of the individual representations and can choose the representa-
tion that best suits their individual needs for learning, provides the most efficient 
structure required for problem solving or enhances the best strategy. Cognitive flex-
ibility theory (e.g., Spiro & Jehng, 1990) explains the benefits of multiple represen-
tations with the fact that constructing multiple perspectives on a subject and switch-
ing between them is fundamental for successful learning. Dual coding theory (e.g., 
Clark & Paivio, 1991) and the cognitive theory of multimedia learning (e.g., Mayer 
& Sims, 1994; Mayer, 2014) assume that by combining different representations 
endowed with different computational properties, learners can benefit from 
strengths of particular representations and balance out weaknesses of others.  
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For the learning of mathematics, however, the role of multiple representations goes 
beyond the fact that different representations can complement each other with re-
gard to their computational efficiency or with respect to learner preferences. The 
reason for this lies in a characteristic which is specific to the domain of mathematics 
and puts dealing with multiple representations at the heart of any mathematical ac-
tivity: In contrast to objects in many other domains of scientific knowledge, math-
ematical objects are abstract and can therefore not be directly perceived or observed 
with instruments (Duval, 2006). Consequently, the only way to gain access to those 
abstract mathematical objects and deal with them is using representations that can 
stand for them in many ways (Goldin, 2008). This makes mathematics the scientific 
domain in which the largest amount of representations can be found (Duval, 2006) 
and hence dealing with multiple representations is also an integral part of daily in-
struction in mathematics classrooms: Multiple representations are indispensable for 
the introduction of new mathematical objects, in problem-solving processes and in 
order to facilitate explanations (Stylianou, 2010; Leinhardt, 2001). Furthermore, it 
would not be possible to communicate about ideas and problems and to share strat-
egies in the mathematics classroom without using multiple representations (Roth & 
McGinn, 1998) in the form of graphs, formulae, drawings, tables or diagrams.  
However, any representation of a mathematical object does not stand alone but be-
longs to a system that is structured by common conventions that underlie it (Goldin 
& Shteingold, 2001). Duval (2006) describes those different systems of representa-
tion that can be mobilised in mathematical processes as representation registers. 
He distinguishes, for example, between natural language (used either orally, like in 
explanations or written, like in theorems or proofs), written symbolic systems, 
iconic and non-iconic shape configurations (drawings, sketches and configurations 
constructed with geometric tools), diagrams and graphs (Duval, 2006). The exam-
ple in Figure 1 shows multiple representations from different registers that can stand 
for the mathematical object one out of four equal parts: It can be represented sym-
bolically in the register of fraction notation or decimal notation, as a place on the 
number line in the number line register, in different verbal representations belong-
ing to the register of language or as part of a rectangle in the fraction bar register. 
The example shows also, that different registers can emphasise different aspects of 
the corresponding mathematical object: One out of four equal parts can be viewed 
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as part of a whole in the circle chart or as part of several wholes, as can be seen in 
the representation with the four sweets. Consequently, being able to use more than 
one representation of a mathematical object is essential, as any representation will 
express some but not all information of the related mathematical object, stress some 
aspects and rather hide others (Dreyfus, 2002).   
 
Figure 1: Multiple representations of the mathematical object one out of four equal parts 
As any mathematical activity involves the use of representations, learners of math-
ematics have to manage cognitively challenging tasks related to the use of repre-
sentations in order to understand a mathematical object and to be successful in prob-
lem solving: (1) They have to recognise the common mathematical object behind 
different registers of representation without confusing those representations with 
the object they stand for (Duval, 2006; Lesh, Post & Behr, 1987). (2) They have to 
learn about the conventions that underlie a register of representation in order to 
carry out transformations within a given register (Lesh, Post & Behr, 1987; Ains-
worth, 2006). (3) They have to be able to translate a mathematical object from one 
representation register to another as many tasks involve at least two representation 
registers (Duval, 2006; Lesh, Post & Behr, 1987). Changing registers becomes also 
necessary whenever another representation appears to be more efficient in the pro-
cess of problem solving (Dreyfus, 2002; Ainsworth, 2006).  
These tasks related to the special role of multiple representations involve specific 
and complex cognitive requirements for any learner of mathematics. Numerous 
studies have shown that dealing with multiple representations can lead to serious 
difficulties in understanding if learners do not manage the complex cognitive tasks 
associated with their use (Lesh, Post & Behr, 1987; Janvier, 1987; Sierpinska, 1992; 
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Yerushalmy, 1991; Dreyfus, 2002; Ainsworth, Bibby & Wood, 1998; Ainsworth, 
2006; Duval, 2006; Mitchell, Charalambous & Hill, 2014). When dealing with mul-
tiple representations, transformations of representations merit special attention as 
they are not only essential for problem solving but also for the construction of deep 
understanding in mathematics (Duval, 2006; Ainworth, 2006; Goldin & Shteingold, 
2001; Deliyianni et al., 2016). According to Duval (2006, p. 111) transformations 
that are carried out within a representation register and which are specific to it can 
be described as treatments and transformations requiring the change of registers as 
conversions. Reducing a fraction to its lowest term within the representation regis-
ter of fraction notation would accordingly be called a treatment (e.g., 
4
8
 = 
1
2
), whereas 
converting a number from the representation register of fraction notation to the reg-
ister of decimal notation would be referred to as a conversion (e.g., 
4
8
= 0.5). Read-
ing a fraction from the number line or representing a given fraction using a real-
world situation (see Figure 1) involves also conversions, as each of these tasks re-
quires changes of representation registers.  
Conversions have, however, proved to be more complex than treatments as they 
contain problems of discrimination and recognition: In order to change registers, 
the learner must discriminate mathematically relevant features from those that are 
not relevant in a mathematical sense, transfer the information from one register to 
the other and also be able to recognise the same mathematical object behind the 
different representations (Duval, 2006). The consequence is that learners find car-
rying out conversions extremely difficult and often fail to see the links between 
different registers of representations (Ainsworth, 1999, 2006). Consequently, con-
versions are a source of problems in understanding at every level of teaching and 
in every domain of mathematics (Duval, 2006; Lesh, Post & Behr, 1987). Changing 
registers of representations can become even more difficult if the direction of the 
conversion is inverted and this inversion is more complex or new for the students 
(Deliyianni et al., 2016; Duval, 2006). The degree of familiarity with a certain rep-
resentation and/or a specific topic can lead to more or less available cognitive re-
sources and can thus enhance or impede the translation between different represen-
tation registers (Ainsworth, 2006). Accordingly, plotting a given fraction on a num-
ber line might, for example, prove to be harder than reading a fraction from a num-
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ber line. It also adds to the complexity of conversions if a one-to-one mapping be-
tween the meaningful constituents of the source register and the target register is 
difficult to carry out (Duval, 2006). The more the source register and target register 
differ, the more difficult it will become for learners to translate between different 
representations and to recognise the common mathematical object behind them 
(Ainsworth, 2006): Changing successfully from the representation register of frac-
tion notation to the register of decimal notation (e.g., 
4
8
= 0.5) requires to recognise 
the common mathematical object and to transfer corresponding information alt-
hough the different conventions in each of the used registers result in totally differ-
ent numerals (4 and 8 compared to 0 and 5) and notation forms (vertical notation 
including a fraction bar compared to horizontal notation including a decimal point).  
The importance of students’ ability to carry out conversions when dealing with mul-
tiple representations is also reflected in National Standards and international student 
assessment. There is agreement that dealing with multiple representations does not 
only involve the selection and creation of different representations but also the abil-
ity to change representation registers. In the German National Standards, using rep-
resentations is one of five overarching mathematical competencies in the curricu-
lum for both primary and secondary schools. Related learning objectives define that 
students should be able to choose, develop and use appropriate representations of 
mathematical objects, change between different registers of representations, com-
pare them and evaluate different representations in order to solve mathematical 
problems (KMK, 2004). The National Council of Teachers of Mathematics (e.g., 
NCTM, 2000) elevated the status of representations to one of five process standards 
of what mathematics instruction should enable students to do. It is recommended 
that students at all levels create and use representations to organise, record and com-
municate mathematical ideas and to select, apply and translate among mathematical 
representations to solve problems. In the OECD Programme for International Stu-
dent Assessment (e.g., PISA 2012), using representations of mathematical objects 
to solve problems is seen as one of seven fundamental mathematical capabilities 
and thus an essential part of mathematical literacy (OECD, 2013). Using a variety 
of representations such as graphs, tables, diagrams, pictures, equations, formulae 
and concrete materials does not only entail the creation, selection and interpretation 
of multiple representations but also the flexible translation between them (ibid.).  
2 Theoretical background 15 
 
Summing up, the development of students’ ability to change representation regis-
ters is not only a key task for learning with multiple representations (Ainsworth, 
2006; Deliyianni et al., 2016) but can also be described as the “true challenge of 
mathematics education” (Duval, 2006, p. 128). Professional requirements for teach-
ers regarding the use of multiple representations in the mathematics classroom merit 
hence special attention and will be derived in the following chapter.  
2.2 Professional requirements related to the use of multiple 
representations in the mathematics classroom 
Learning and understanding mathematics requires to obtain rich representations of 
a mathematical object and to be able to use them in problem solving in a flexible 
and controlled manner (Duval, 2006; Dreyfus, 2002; Acevedo Nistal et al., 2009). 
At the same time, the complex tasks and high cognitive demands students have to 
manage when dealing with multiple representations and carrying out conversions 
can hinder the learning process, diminish problem-solving performance and cause 
difficulties in students’ understanding (Duval, 2006; Acevedo Nistal et al., 2009). 
Against the background of this double role of multiple representations and their 
coordination for learning mathematics, the following professional requirements for 
mathematics teachers can be derived:  
Teachers have to be aware of the special role multiple representations play in the 
mathematics classroom and that they can be aid and obstacle for learning mathe-
matics (Dreher & Kuntze, 2015b; Acevedo Nistal et al., 2009). On the one hand, 
teachers have to provide the students with learning opportunities that contain mul-
tiple representations of a mathematical object in order to enhance their understand-
ing and flexible problem-solving. On the other hand, they have to keep in mind that 
the cognitive demand of coordinating these multiple representations might also hin-
der understanding. When teachers demonstrate problem-solving processes using 
different representation registers or generate multiple representations in order to 
facilitate explanations (Dreher & Kuntze, 2015b; Stylianou, 2010; Leinhardt, 2001; 
Duval, 2006), they are required to balance this dilemma in a reflected and situation-
specific way, taking into account the particular students, the content and the specific 
representations (Dreher & Kuntze, 2015b; Acevedo Nistal et al., 2009). 
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The use of representations is, however, not only in the charge of the teacher. Due 
to the fact, that representations are the only access to mathematical objects, multiple 
representations are also generated by students in the process of problem-solving, 
when they share strategies or negotiate ideas in the classroom (Roth & McGinn, 
1998; Cuoco & Curcio, 2001; Duval, 2006). Student-generated representations can 
hence be used to gain insight into student reasoning and thinking in the mathematics 
classroom (Lesh, Post & Behr, 1987; Cuocu & Curcio, 2001; Stylianou et al., 2000; 
Mitchell, Charalambous & Hill, 2014). Consequently, teachers are required to care-
fully attend to the representations students generate and the way they use them in 
order to understand how they think and whether problems in understanding are re-
lated to unconnected conversions or the use of a specific representation register. 
Analysing students’ representations and the way they use them can thus be consid-
ered as essential for providing students with adequate learning support that connects 
to their ideas.   
As multiple teacher-generated and student-generated representations of mathemat-
ical objects can occur in the course of instruction, students are continuously faced 
with the complex cognitive task to coordinate different representation registers and 
teachers are continuously required to support their students in doing so. Students 
have to be provided with focused help to understand the relationships among mul-
tiple representations of the same mathematical object as well as the differences and 
similarities between different representation registers (Goldin & Shteingold, 2001; 
Dreyfus, 2002; Ainsworth, 2006; Deliyianni et al., 2016). Therefore, teachers are 
required to attend to situations that are relevant in this context and encourage their 
students to actively create connections between multiple representations of a math-
ematical object by relating meaningful constituents to each other (Duval, 2006; 
Bodemer & Faust, 2006; Renkl et al., 2013).   
In order to meet the professional demands related to multiple representations out-
lined above, teachers do not only need corresponding professional knowledge (Du-
val, 2006; Goldin & Shteingold, 2001; Ball, Thames & Phelps, 2008; Mitchell, 
Charalambous & Hill, 2014) but they also have to link this knowledge to relevant 
observations in the classroom, what is referred to as analysing classroom situations 
regarding the use of multiple representations in this study (Friesen, Dreher & 
Kuntze, 2015; Friesen & Kuntze, 2016; Kuntze & Friesen, 2016).  
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In order to provide insight into relevant frameworks for such analysing, the next 
chapters will outline related theoretical frameworks and the state of research re-
garding teachers’ professional knowledge on multiple representations (section 2.3) 
and corresponding analysing of classroom situations (section 2.4). 
2.3 Mathematics teachers’ professional knowledge on multiple 
representations 
There is a broad consensus that a teacher’s professional knowledge is a key com-
ponent of professional competence (Baumert & Kunter, 2013) and an important 
prerequisite for teaching effectively (e.g., Petrou & Goulding, 2011; Ball, Thames 
& Phelps, 2008). With regard to representations, many approaches emphasise that 
teachers have to know about the essential role multiple representations play for the 
learning of mathematics and about the cognitive demands related to the change of 
representation registers (Duval, 2006; Goldin & Shteingold, 2001; Ball, Thames & 
Phelps, 2008; Mitchell, Charalambous & Hill, 2014). Only when teachers have 
knowledge, for example, about the difference between treatments and conversions, 
they can analyse related problems of mathematics comprehension and support their 
students in mapping meaningful constituents between different representation reg-
isters (Duval, 2006; Deliyianni et al., 2016; Dreher & Kuntze, 2015a). Although 
quite different frameworks on teachers’ professional knowledge exist, most of them 
are based on Shulman (1986, 1987) and contain knowledge on representations as a 
core component of mathematics teachers’ professional knowledge (Depaepe, Ver-
schaffel & Kelchtermans, 2013). A closer review of prominent frameworks reveals, 
however, that specific knowledge related to the connection of multiple representa-
tion registers for the learning of mathematics and related cognitive demands for 
students is often not sufficiently taken into account.  
2.3.1  Frameworks on teachers’ knowledge regarding multiple 
representations 
As the use of representations is considered to be subject-specific, corresponding 
knowledge is mostly conceptualised as a part of content-related professional 
knowledge. According to Shulman (1986, 1987), the content dimension of teacher 
knowledge is mostly organised in three categories: (1) Content knowledge (CK) 
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including the knowledge of the subject, (2) curriculum knowledge and (3) pedagog-
ical content knowledge (PCK). Pedagogical content knowledge (PCK) is regarded 
to go “beyond knowledge of subject matter per se to the dimension of subject matter 
knowledge for teaching” (Shulman, 1986, p. 9). Shulman (1986) identified two 
components that are central to PCK, namely knowledge of instructional strategies 
and representations and knowledge of students’ (mis)conceptions. Accordingly, 
multiple representations, which can be used in order to make subject matter com-
prehensible to students, form an essential part of teachers’ pedagogical content 
knowledge (Shulman 1986, 1987). Shulman’s conceptualisation of teachers’ PCK 
is, however, not specific to the subject of mathematics. Hence, the special role of 
coordinating multiple representation registers for learning mathematics and the 
complex cognitive demands related to unconnected conversions are not explicitly 
taken into account.  
Fennema and Franke (1992) proposed a framework for mathematics teachers’ pro-
fessional knowledge including four components: knowledge of content, knowledge 
of pedagogy, knowledge of students’ cognition and teachers’ beliefs. They regard 
teachers’ knowledge of mathematical representations as a central aspect of content 
knowledge as it enables the “translation of mathematics into understandable repre-
sentations” (Fennema & Franke, 1992, p. 153). They suggest, for example, that 
most contents in school mathematics can be represented as real-world situations, 
concrete or pictorial representations in order to help students to learn the “abstract 
ideas of mathematics with understanding” (ibid., p. 154). However, taking this ra-
ther narrow perspective on representations as a kind of “helpful media” does neither 
capture the full range of representation registers nor their full meaning for the con-
ceptual learning of mathematics. The consequence is that knowledge on the coor-
dination of multiple representation registers and related cognitive demands for stu-
dents are not included in this framework. 
In the TEDS-M study (Teacher Education and Development Study: Learning to 
Teach Mathematics; Blömeke, Kaiser & Lehmann, 2010), primary and secondary 
mathematics teachers in their final year of teacher education were assessed on their 
professional knowledge and beliefs. Based on the categories proposed by Shulman 
(1986, 1987), pedagogical content knowledge as understood in TEDS-M refers to 
knowledge about teaching and learning mathematics and covers the sub-areas 
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Knowledge of curricula and planning, Instructional Designs and Interactive 
Knowledge (e.g., Blömeke, 2013). Regarding the use of multiple representations, 
so-called core situations mathematics teachers are expected to cope with focus on 
teachers’ knowledge related to Planning appropriate methods for representing 
mathematical ideas and Explaining or representing mathematical concepts or pro-
cedures (Blömeke, 2013). However, released TEDS-M items in this context (Tatto 
et al., 2008; 2012) do not indicate any reference to the requirement of supporting 
students in relating multiple representations of a mathematical object to each other 
when conversions have to be carried out. Consequently, even though representa-
tions are addressed in the approach of TEDS-M, it appears that teachers’ knowledge 
on coordinating and connecting multiple representations of a mathematical object 
is not sufficiently taken into account.  
In the COACTIV study (Cognitive Activation in the Mathematics Classroom and 
Professional Competence of Teachers), teachers’ professional knowledge is seen as 
a key dimension of professional competence (Baumert & Kunter, 2013). Five do-
mains of professional knowledge (e.g., pedagogical content knowledge) are further 
differentiated into facets of knowledge, which are operationalised by specific indi-
cators. With respect to the use of representations in the mathematics classroom, the 
PCK facet Making content accessible: explanations and representations describes 
teachers’ ability to explain mathematical content by using appropriate representa-
tions (Kunter et al., 2013). Accordingly, twelve instructional scenarios were de-
signed that require teachers to provide support for students’ understanding. How-
ever, the emphasis was put on teachers’ knowledge of multiple representations in 
the sense of providing “useful representations” (Krauss et al., 2013, p. 151) or “as 
many different ways as possible of explaining” (ibid., p. 152) in order to make 
mathematical content accessible. Thus, the released items in this context (Krauss et 
al., 2013) do not target teachers’ knowledge on cognitive demands related to the 
use of multiple representations and the need for student support when conversions 
take place. Comparable to TEDS-M, teachers’ knowledge on the coordination of 
multiple representations and the role of conversions for students’ learning of math-
ematics is not sufficiently taken into account in the COACTIV study.  
The MKT framework (e.g., Hill, Schilling & Ball, 2004; Hill, Rowan, Ball, 2005; 
Ball, Thames & Phelps, 2008) is a conceptualisation of mathematics teachers’ 
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knowledge that particularly highlights the specific role of connecting multiple rep-
resentations to each other and to the common mathematical object behind them. 
The framework is built on an analysis of the mathematical demands of teaching and 
identifies mathematical knowledge for teaching (MKT) that is needed to perform 
the tasks of teaching mathematics to primary students. The MKT subdomain spe-
cialised content knowledge (SCK), which includes mathematical knowledge and 
skills unique to teaching mathematics, identifies linking representations to under-
lying ideas and to other representations as a central task of teaching mathematics 
(Ball, Thames & Phelps, 2008, p. 400). Teachers’ knowledge on how to select, cre-
ate and use mathematical representations effectively, for example by recognising 
advantages and disadvantages of using certain representations for particular pur-
poses, is included in the MKT subdomain knowledge of content and teaching 
(KCT).  
Building on the MKT framework, Mitchell, Charalambous and Hill (2014) gener-
ated a more detailed list of tasks entailed in dealing with representations in the 
mathematics classroom and inferred knowledge demands needed to successfully 
engage in this work. Derived from their analysis of classroom episodes, they par-
ticularly emphasise teachers’ knowledge regarding the coordination of multiple rep-
resentations, related student demands and the need for specific student support. Ac-
cordingly, creating a context for connecting multiple representations is described 
as a core task for mathematics teachers: It includes the identification of similarities 
and differences between representations as well as student support in using one rep-
resentation to make sense of another. With respect to conversions, treatments and 
related demands for students, teachers should have knowledge on “the connections 
that can be made between and among representations to forge students’ learning” 
(ibid., p. 55) and on “common errors that students can make when working on rep-
resentations” (ibid., p. 56). They include an “awareness of the fact that representa-
tions are not transparent in and of their own” (ibid., p. 56) and emphasise that stu-
dents need specific scaffolding when they work with representations. Referring to 
the dilemma of multiple representations being aid and obstacle for the learning of 
mathematics (Dreher & Kuntze, 2015b), it is argued that without those knowledge 
components described above “representation use can do more pedagogical harm 
than good” (Mitchell, Charalambous & Hill, 2014, p. 57).  
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Given the high relevance of teachers’ knowledge regarding the coordination of mul-
tiple representations and related demands for learning mathematics, it is remarkable 
that corresponding empirical research is still scarce (Dreher, 2015). As Mitchell, 
Charalambous and Hill (2014) point out: “…most of our understanding about the 
tasks involved with using representations in instruction and the knowledge require-
ments imposed on teachers when using these aids is theoretical” (ibid., p. 37). The 
lack of empirical evidence in this specific context might also reflect what has been 
outlined above: In most of the prominent frameworks on mathematics teachers’ 
professional knowledge, aspects related to the coordination of multiple representa-
tions and corresponding demands for students have so far not been sufficiently ac-
counted for. There are, however, several studies by Dreher and Kuntze (2015a, b) 
and Dreher, Kuntze and Lerman (2016), in which these particular aspects of teacher 
knowledge for dealing with multiple representations were investigated in the case 
of pre-service and in-service teachers. As these studies form an important basis for 
the study presented here, underlying frameworks and main results will be presented 
in the following section.  
2.3.2 Teachers’ knowledge on the coordination of multiple 
representations: state of research  
The knowledge framework used in the studies by Dreher and Kuntze (2015a, b) and 
Dreher, Kuntze and Lerman (2016) was introduced by Kuntze (2012; see Figure 2). 
It integrates three dimensions according to which different components of mathe-
matics teachers’ professional knowledge can be structured. The first dimension 
shows components of professional knowledge which are based on the domains by 
Shulman (1986, 1987). The spectrum between knowledge and teachers’ beliefs 
resp. convictions were included in the model as a second dimension: They are con-
sidered to be aspects of professional knowledge, as distinguishing mathematics 
teachers’ knowledge from their beliefs has often been found to be difficult (e.g., 
Pajares, 1992). The third dimension of the knowledge framework by Kuntze (2012) 
is constituted by different levels of globality (cf. Törner, 2002). Accordingly, 
knowledge and views about teaching mathematics can be very global, but they can 
also be related to a particular content domain in mathematics, a certain content or 
topic within this domain or even to a particular instructional situation. 
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Figure 2: Components of professional knowledge (Kuntze, 2012, p. 275) 
Kuntze (2012) emphasises that the different components might be interdependent, 
either mutually supportive or conflicting, and that therefore the cells of the model 
cannot be considered as strictly separable categories. Regarding the use of multiple 
representations in the mathematics classroom, Dreher and Kuntze (2015a, b) as well 
as Dreher, Kuntze and Lerman (2016) build their research mainly on the framework 
by Duval (e.g., 2006; cf. section 2.1). Therefore, the specific role of multiple repre-
sentations for learning mathematics, the importance of the coordination of different 
representation registers and related cognitive demands for students were particu-
larly taken into account.  
In order to explore which reasons for using multiple representations in the mathe-
matics classroom are important for teachers (Dreher & Kuntze, 2015b; Dreher, 
Kuntze & Lerman, 2016), pre-service and in-service teachers were asked to evalu-
ate the importance of four possible reasons: (1) necessity for mathematical under-
standing (sample item: “Enhancing the ability to change from one representation 
to another is essential for the development of mathematical understanding.”), (2) 
motivation and interest, (3) support of remembering and (4) different learning 
types/input channels (e.g., Dreher, 2015, p. 32; Dreher, Kuntze & Lerman, 2016). 
The participants’ evaluations showed that both, pre-service and in-service teachers 
rated the mathematics-specific reasons for using multiple representations as signif-
icantly less important than the other more general reasons (Dreher, Kuntze & Ler-
man, 2016; Dreher & Kuntze, 2015a). It can hence be concluded that pre-service 
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and in-service teachers were not fully aware of the essential role that multiple rep-
resentations and their coordination play for the development of mathematical un-
derstanding. However, going down a level of globality (cf. Kuntze, 2012) and fo-
cusing on teachers’ views related to the role of multiple representations in the case 
of fractions yielded a clear difference between pre-service and in-service teachers 
(Dreher & Kuntze, 2015a): The in-service teachers attached significantly higher 
importance to the role of conversions for the students’ understanding than the pre-
service teachers did. Sample items of this study (e.g., It is essential for their under-
standing that students master using different representations for fractions and that 
they can change between them) reflect clearly the focus on teachers’ views regard-
ing the coordination of different registers when multiple representations are used 
for teaching fractions (e.g., Dreher & Kuntze, 2015b, p. 33).  
The aim to investigate teachers’ specific content knowledge on the coordination of 
multiple representations in the domain of fractions required the development of 
specific test items (e.g., Dreher, 2015; Dreher, Kuntze & Lerman, 2016). Based on 
the framework by Duval (e.g., 2006), eight corresponding items were developed. 
They have in common that given (incorrect) conversions between representations 
had to be checked and corrected or a conversion had to be carried out (see Figure 3 
and 4 for sample items).  
 
Please change the diagram, if 
necessary, so that 
3
5
 of 
1
4
 is 
shaded. Otherwise just tick the 
box on the right-hand side.  
 
Figure 3: Sample item # 1 of the knowledge test on conversions                                             
(Dreher, Kuntze & Lerman, 2016, p. 374) 
 
Please change the score, if nec-
essary, so that the home team has 
scored exactly 
1
5
 of the goals. 
Otherwise just tick the box on 
the righ-hand side.  
Standing in a soccer game: 
 
home     away 
 1    :     5 
 
Figure 4: Sample item # 2 of the knowledge test on conversions                                               
(Dreher, Kuntze & Lerman, 2016, p. 374) 
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Thus, the teachers’ content knowledge related to matching symbolic-numerical rep-
resentations of fractions and related to operations with appropriate pictorial and 
content-related representations was assessed. The results showed that both pre-ser-
vice and in-service teachers had gaps in their corresponding content knowledge: on 
average, less than half of the items were solved correctly by pre-service teachers 
(Dreher, Kuntze & Lerman, 2016). A comparison between pre-service and in-ser-
vice teachers’ results (Dreher & Kuntze, 2015a) revealed that although in-service 
teachers achieved significantly higher scores, they solved on average less than 60% 
of the items correctly.  
Another study by Dreher and Kuntze (2015b) focused on the dilemma of multiple 
representations being aid and obstacle for learning mathematics (cf. section 2.2). 
As balancing this dilemma is considered to be essential for effective instruction and 
student support, in-service teachers were asked about their views on the role of 
multiple representations for teaching fractions (“multiple representations for under-
standing” vs. “fear of confusion by multiple representations”). A cluster analysis 
revealed that only about one sixth of the participating teachers took into account 
both sides of the dilemma. Another step of inquiry towards this dilemma was taken 
by the evaluation of the learning potential of tasks in which multiple representations 
occur. Six fraction tasks were accordingly designed as contrasting types (see Figure 
5): The first type of tasks required carrying out conversions of representations and 
the coordination of representation registers. The second type was about solving a 
task in a symbolic register and provided also some potentially motivating pictures. 
Those pictures did, however, not represent the operation that had to be carried out.  
 
Figure 5: Sample item # 3: evaluation of the learning potential of fraction tasks      
(Dreher & Kuntze, 2015b, p. 33) 
In order to evaluate the learning potential of these tasks, corresponding statements 
had to be rated by the participants, for example: The way representations are used 
in this task aids students’ understanding (Dreher & Kuntze, 2015b, p. 32). The re-
sults show clear differences between in-service teachers from different subsamples: 
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Teachers from academic-track schools evaluated the learning potential of tasks in-
volving conversions of representations significantly higher than teachers from sec-
ondary schools for lower-achieving students. Again, only a minority of the partici-
pants accounted in their evaluations for the dilemma of multiple representations 
being aid and obstacle for the learning of mathematics (Dreher & Kuntze, 2015b). 
It can therefore be assumed that most teachers were not aware of the cognitive de-
mands and potential learning difficulties related to the coordination of multiple rep-
resentations. Dreher & Kuntze (2015b, p. 40) conclude that “the need for corre-
sponding teacher professional development is evident from the results” of their 
study and call for more specific professional development programmes.  
However, knowledge on the double role multiple representations play for learning 
mathematics as well as a corresponding awareness are not the only prerequisites for 
mathematics teachers in order to meet the professional requirements related to the 
use of multiple representations. It is claimed that based on their knowledge on the 
decisive role of the coordination of representation registers, teachers must “set up a 
mechanism of observation” (Duval, 2006, p. 121) in order to see students’ difficul-
ties related to conversions of representations. Analysing classroom situations re-
garding the use of multiple representations can hence be seen as key for teachers 
to master related requirements in the mathematics classroom: Only when teachers 
are sufficiently aware of the special role multiple representations play for the learn-
ing of mathematics, they will be able to identify relevant situations and to interpret 
them against the background of their corresponding knowledge. As teachers’ ana-
lysing of classroom situations has proved to be highly consequential for their deci-
sion-making (Schoenfeld, 2011; Stahnke, Schueler & Roesken-Winter, 2016), it 
can be seen as an important prerequisite for teachers to provide their students with 
adequate learning support and learning opportunities adapted to their needs – also 
in the context of dealing with multiple representations in the mathematics class-
room.   
Following this argumentation, relevant frameworks and the state of research related 
to mathematics teachers’ analysing of classroom situations will be outlined in the 
next chapter (2.4.1). As empirical evidence on teachers’ analysing with respect to 
the use of multiple representations is especially relevant in the context of the study 
presented here, related research will be presented in section 2.4.2. 
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2.4 Teachers’ analysing of classroom situations 
Teachers’ analysing of classroom situations has become an important focus of 
mathematics education research during the last 20 years (Stahnke, Schueler & 
Roesken-Winter, 2016). It is assumed that attending to aspects of classroom inter-
actions that influence student learning and reasoning about those events inform 
teaching decisions, which are based on “the analysis of these observations” (van 
Es, 2011, p. 135; Schoenfeld, 2011). Various studies provide evidence that teach-
ers’ analysing of classroom situations is highly relevant for instructional quality and 
student learning (e.g., Kersting 2008; Kersting et al., 2012) and that it can be suc-
cessfully fostered in professional development programmes (e.g., Sherin & van Es, 
2009). There is also empirical evidence that teachers’ expertise and experience pos-
itively influence their analysing (Stahnke, Schueler & Roesken-Winter, 2016). Re-
search into teacher expertise (e.g., Berliner, 2001) show that expert teachers per-
ceive classroom situations more quickly, more accurately and more holistically than 
novice teachers. Comparably, teachers’ analysing of classroom situations is de-
scribed as component of expert practice, as expert teachers are supposed to have 
“heightened sensivities to particular aspects of their work, as well as techniques for 
analyzing, using, and inquiring into these features of their practices” (van Es, 2011, 
p. 135).  
A review of studies on teachers’ analysing reveals that different frameworks and 
concepts exist to describe where teachers attend to when observing classroom situ-
ations, what they see and what sense they make of what they see (Sherin, Jacobs & 
Philipp, 2011; Stahnke, Schueler & Roesken-Winter, 2016). For this reason, main 
concepts and related research will be presented in the following section.   
2.4.1 Teachers’ analysing of classroom situations: concepts and state of 
research  
When teachers’ analysing of classroom situations is investigated, different terms 
are used for the same concepts as well as similar concepts are described in various 
terms (Mason, 2016). There is also hardly a consensus on the processes that are 
involved in teachers’ analysing and concepts range from including perception only 
(e.g., Star & Strickland, 2008) to connecting perception with interpretation (e.g., 
van Es & Sherin, 2002) to including perception, interpretation and decision-making 
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(e.g., Kaiser et al., 2015). Moreover, reviewing related articles reveals two main 
approaches to teachers’ analysing, namely (1) analysing in-action where the teach-
ers are themselves actors in the situation they observe and (2) what can be described 
as armchair analysing, as teachers are mere spectators of a classroom situation that 
is presented to them, for example, as a video clip. 
(1) Approaches where the teachers are themselves actors in the instructional scene 
they are observing are, for example, referred to as professional vision in-action 
(Sherin, Russ & Colestock, 2008) or teachers’ in-the-moment noticing (Sherin, 
Russ & Colestock, 2011). Mostly set in the context of mathematics education re-
form (van Es, 2011), these approaches try to capture the processes through which 
teachers manage the ongoing information in the midst of instruction and highlight 
the importance of teachers’ ability to respond to students’ mathematical thinking 
during instruction. As adaptive and responsive teaching requires teachers to attend 
to the ideas that students raise in class and how these ideas relate to the mathemat-
ical objectives of the ongoing lesson, it is informed by teachers’ attending to par-
ticular events (e.g. students’ strategies) and making sense of those events (Sherin, 
Jacobs & Philipp, 2011). Related studies use, for example, in-the-moment videotap-
ing (e.g., Sherin, Russ & Colestock, 2008) and are often designed as case studies 
including only a few teachers (cf. Stahnke, Schueler & Roesken-Winter, 2016). 
Mostly, the following three processes are investigated: attending to students’ strat-
egies, interpreting student responses and solution methods in terms of the mathe-
matical understanding they reveal as well as deciding in the moment how to respond 
on the basis of students’ understanding (e.g., Jacobs et al., 2011; Jacobs & Empson, 
2016).  
(2) Approaches where the teachers are only spectators of classroom situations (e.g., 
presented as videos) investigate, for example, teachers’ abilities to analyse teach-
ing (e.g., Santagata, Zannoni & Stigler, 2007; Santagata & Yeh, 2016), teachers’ 
professional vision (Sherin & van Es, 2009) or teachers’ ability to notice classroom 
interactions (e.g., Sherin & van Es, 2005). Related studies often stem from the con-
text of professional development programmes which aim, for example, at preparing 
teachers to conduct systematic analysis of their own teaching (e.g., Santagata, 2011; 
Santagata & Yeh, 2016) or at developing teachers’ noticing in the context of a video 
club (e.g., van Es & Sherin, 2008; Sherin & van Es, 2009). In this context, noticing 
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is mostly considered to involve two interrelated processes (van Es & Sherin, 2002; 
Sherin, Jacobs & Philipp, 2011): attending to particular events in a classroom situ-
ation (selective attention) and making sense of those events which is considered as 
knowledge-based (knowledge-based reasoning). An important component of this 
research is the focus on teachers’ analyses of student learning and the relationship 
between teaching moves and learning results (van Es, 2011). Teachers’ ability to 
analyse teaching (e.g., Santagata, Zannoni & Stigler, 2007) includes (1) attending 
to the details of the teaching-learning process, (2) elaborating on these details to 
examine the impact of teacher decisions on student progress towards learning goals, 
and (3) proposing improvements in the form of alternative strategies.    
Another important approach is the implementation of analysing tasks in standard-
ised test instruments. Results of teachers’ analysis of classroom situations are then, 
for example, taken as indicators of so-called professional vision (e.g., Stürmer & 
Seidel, 2015), situation-specific skills (e.g., Blömeke, Gustafsson & Shavelson, 
2015), usable knowledge (Kersting, 2008; Kersting et al., 2016) or aspects of pro-
fessional competence (e.g., Bruckmaier et al., 2016; Knievel, Lindmeier & Heinze, 
2015; Kaiser et al., 2015; Hoth et al., 2016). In this context, research focusing on 
teachers’ analysing of classroom situations regarding the use of multiple represen-
tations and in particular the coordination of representation registers is, however, 
still very scarce. Dreher & Kuntze (2015a, b) took a step into this direction of in-
quiry by relating the framework of teacher noticing (e.g., van Es & Sherin, 2002) 
to teachers’ professional requirements when dealing with multiple representations 
in the mathematics classroom. As their research can be considered as fundamental 
for the study presented here, main results will be described in the following.  
2.4.2 Research on teachers’ analysing of classroom situations regarding 
the use of multiple representations  
Building up on the noticing framework and focusing on the use of multiple repre-
sentations, Dreher and Kuntze (2015a, b) described the analysing processes they 
investigated as theme-specific noticing. Accordingly, teachers’ theme-specific no-
ticing encompasses paying attention to conversions in student-teacher interactions 
and evaluating these conversions by drawing on corresponding professional 
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knowledge. Dreher & Kuntze (2015a, b) assessed theme-specific noticing in a vi-
gnette-based test comprising of four fictitious classroom situations. Each of the 
short transcripts (see Figure 6 for a sample vignette) shows a student-teacher inter-
action in which a student asks a question or reveals a misconception when solving 
a fraction task. The teachers’ reaction involves a so-called unnecessary change of 
representation registers without making explicit connections between the used rep-
resentations and can thus be considered as potentially hindering for the students’ 
understanding. The participating teachers were asked to evaluate the teachers’ re-
action according to the following question: “How much does this response help the 
student? Please evaluate the use of representations in this situation and give rea-
sons for your answer.” (Dreher & Kuntze, 2015b, p. 98).  
 
Figure 6: Sample item # 4: text-based vignette for the assessment of theme-specific         
noticing (Dreher & Kuntze, 2015b, p. 99) 
An answer was considered to provide an indicator for theme-specific noticing if 
both, the change of representations and its potentially negative effect for students’ 
understanding was mentioned by a participant. The findings revealed that pre-ser-
vice as well as in-service teachers showed on average a relatively low frequency of 
theme-specific noticing (Dreher & Kuntze, 2015a). In this context, low specific 
content knowledge related to conversions was found to be hindering for pre-service 
teachers’ theme-specific noticing. The answers of in-service teachers indicated 
theme-specific noticing about twice as often as those of pre-service teachers. The 
in-service teachers’ theme-specific noticing showed also a significant relation to 
the global view that the ability to carry out conversions is essential for the develop-
ment of mathematical understanding (Dreher & Kuntze, 2015a).  
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A qualitative in-depth analysis of the participants’ answers revealed that the teach-
ers drew on different components of their professional knowledge from different 
levels of globality (cf. Figure 2; Kuntze, 2012) when they evaluated the teachers’ 
reaction in the four vignettes: Successful theme-specific noticing was either in-
formed by knowledge from a single level of globality, such as situation-specific 
knowledge, or by a combination of different levels (Dreher & Kuntze, 2015a). This 
can be taken as evidence that teachers’ professional knowledge and awareness re-
garding the special role of multiple representations for the learning of mathematics 
formed important prerequisites for their analysis of corresponding classroom situa-
tions.  
However, as interrelations were mostly found to be low, it appears that there is “no 
simple relationship” between teachers’ theme-specific noticing and their related 
professional knowledge (Dreher, 2016, p. 107). Similar results were obtained in a 
study by Charalambous (2008), who could not find any significant relations be-
tween pre-service teachers’ noticing regarding the use of multiple representations 
and corresponding aspects of their professional knowledge. Both findings indicate 
that possessing a certain knowledge related to the use of multiple representations 
does not simply translate into corresponding analysing processes. Such considera-
tions are supported by findings which show that teachers’ knowledge, as measured 
in related tests, is not always activated during classroom analysis (Santagata & Yeh, 
2016). Similarly, so-called usable knowledge of teaching as indicated by video anal-
ysis was found to only partially overlap with mathematics knowledge for teaching 
as measured by a corresponding multiple-choice survey (Kersting et al., 2012; 
2016). Kersting et al. (2016) conclude that so-called usable knowledge indicated by 
successful classroom analysis requires “both individual knowledge components and 
an overarching ability to access and apply those components that are most relevant 
to a particular teaching episode” (Kersting et al., 2016, p. 106).  
Teachers’ knowledge regarding the use of multiple representations can hence be 
regarded as a necessary but insufficient prerequisite to meet related professional 
demands. What is needed, is the connection of such knowledge with relevant class-
room observations in order to identify unconnected conversions and interpret them 
situation-specifically as potentially obstructing for students’ understanding (e.g., 
Friesen, Dreher & Kuntze, 2015; Kuntze & Friesen, 2016), which is referred to as 
2 Theoretical background 31 
 
analysing the use of multiple representations in classroom situations in this study. 
The element of being capable to apply available dispositions such as knowledge to 
particular and variable situations is also an essential part of Weinert’s (2001b) com-
petence definition. He describes competences as “cognitive abilities and skills pos-
sessed by or able to be learned by individuals that enable them to solve particular 
problems, as well as the motivational, volutional and social readiness and capacity 
to utilize the solutions successfully and responsibly in variable situations” (ibid., p. 
309). As the competence approach is also used to describe the characteristics teach-
ers need in order to meet the demands of their profession (e.g., Baumert & Kunter, 
2013) analysing the use of multiple representations in classroom situations can be 
described as an important profession-related competence of mathematics teachers.  
As large-scale studies investigating competences of mathematics teachers, such as 
TEDS-M and COACTIV, are mainly based on Weinert’s approach, the concept of 
competence as introduced by Weinert (1999, 2001a, b) will be outlined in the fol-
lowing chapter. The competence frameworks of TEDS-M and COACTIV will sub-
sequently be explored with respect to aspects related to teachers’ analysing of class-
room situations regarding the use of multiple representations.  
2.5 Concepts of competence in mathematics education research 
Since the 1990s, there has been great progress in competence measurement through 
large-scale student assessments such as the Third International Mathematics and 
Science Study (TIMSS) and the Programme for International Student Assessment 
(PISA). In order to provide a conceptual basis for the comparison of achievement, 
the notion of competence was developed in particular for large-scale assessment in 
the context of PISA (e.g., Weinert, 1999). The guiding question was, what skills 
and abilities young adults would need at the end of education to be able to cope 
with the demands and challenges of their future life and to play a constructive role 
as citizens in society (cf. Klieme, Hartig & Rauch, 2008). Accordingly, Weinert 
(1999) suggested that a competence should be defined by the range of situations 
which have to be mastered. Assessment of competences should, consequently, be 
done by confronting the student with a sample of such (simulated) situations 
(Weinert, 1999). Weinert initially deferred from giving a unified competence defi-
nition and limited himself to pragmatic conclusions regarding the use of the concept 
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of competence. One of those conclusions is that the concept of competence should 
be used when referring “to the necessary prerequisites available to an individual or 
a group of individuals for successfully meeting complex demands” (Weinert, 
2001a, p.62). Thereby, Weinert aimed at differentiating competences from skills, 
which can be automatised to meet less complex demands. Accordingly, the concept 
of competence should be used “when the necessary prerequisites for successfully 
meeting a demand are comprised of cognitive and (in many cases) motivational, 
ethical, volitional and/or social components” (ibid., p. 62). The structure of a com-
petence construct should consequently be derived from the logical and psychologi-
cal structure of the corresponding demands: “What is required is a prototypical, 
typical and/or specific characterisation of classes of performance demands, perfor-
mance criteria, and indicators of competencies.” (Weinert, 2001a, p. 57). Another 
important aspect in Weinert’s concept is the idea that learning processes are a nec-
essary condition for the acquisition of competences. These “minimal criteria for a 
pragmatic definition of the concept of competence” (ibid.) were later reflected in 
Weinert’s (2001b) fundamental competence definition in which competences are 
seen as “cognitive abilities and skills possessed by or able to be learned by individ-
uals that enable them to solve particular problems, as well as the motivational, vo-
lutional and social readiness and capacity to utilize the solutions successfully and 
responsibly in variable situations” (ibid., p. 309). Although this competence defini-
tion encompasses motivational, volitional and social abilities, Weinert proposed 
that cognitive and motivational aspects of competence might better be assessed as 
separated constructs allowing the empirical analysis of their interaction (cf. Koep-
pen et al., 2008).  
Many large-scale studies investigating profession-related competences of mathe-
matics teachers, such as TEDS-M and COACTIV, built up on Weinert’s (2001b) 
competence definition and specified it for teachers of mathematics. The Teacher 
Education and Development Study: Learning to Teach Mathematics (TEDS-M), for 
example, looked at how primary and secondary mathematics teachers were trained 
and what kinds of competences they had acquired at the end of their training (e.g., 
Blömeke & Kaiser, 2014). Figure 7 shows the theoretical framework of teacher 
competence in TEDS-M (Blömeke, 2013), which is mainly based on quality aspects 
of teaching as outlined by Bromme (1997) and the competence definition by 
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Weinert (2001b). In TEDS-M, teacher competence is accordingly considered to 
comprise of both, cognitive abilities and affective-motivational characteristics, 
even if this combination makes it difficult to consider “teacher competence” as a 
homogeneous construct – especially when keeping in mind Weinert’s (2001b) re-
quirement of competence being related to a coherent set of professional demands.  
 
Figure 7: The TEDS-M model of teacher competence (Blömeke, 2013, p. 94) 
In order to assess teacher competence in TEDS-M, so-called core tasks which math-
ematics teachers are expected to solve according to national standards were de-
signed (e.g., KMK, 2004; NCTM, 2000; cf. Blömeke, 2013). With respect to the 
use of representations in the mathematics classroom, the core task Explaining or 
representing mathematical concepts or procedures referred to demands occurring 
during instruction (Blömeke, 2013). However, published TEDS-M items in this 
context (Tatto et al., 2008; 2012) do not indicate reference to demands such as sup-
porting students in relating multiple representations of a mathematical object to 
each other or balancing the double role of multiple representations being help and 
obstacle to students’ learning (Dreher & Kuntze, 2015b). Although Analyzing or 
evaluating students’ mathematical solutions or arguments and Analyzing the con-
tent of students’ questions (e.g., Blömeke, 2013, p. 95) were also included as core 
tasks in TEDS-M, there appears to be no relation to analysing the use of multiple 
representations.  
Also based on Weinert (2001b) and on research into teacher expertise (e.g., Ber-
liner, 2001), the competence concept of the COACTIV study (Cognitive Activation 
in the Mathematics Classroom and Professional Competence of Teachers) aims at 
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identifying so-called characteristics and qualities that teachers need in order to meet 
the demands of their profession. Accordingly, teachers’ professional competence is 
defined as “the individual’s ability to cope with specific occupational situations” 
(Baumert & Kunter, 2013, p. 42). Figure 8 shows the COACTIV model of profes-
sional competence which describes the qualities needed to succeed in the teaching 
profession from a multidimensional perspective: The COACTIV competence 
model comprises of four aspects of competence (professional knowledge, beliefs, 
motivation and self-regulation), with the aspect of professional knowledge (Shul-
man, 1986, 1987) emphasised as key dimension. Individual attributes in these com-
petence aspects are considered to provide the necessary basis for effective teaching 
practice. Five domains of professional knowledge (e.g., pedagogical content 
knowledge) are further differentiated into facets of knowledge, which are opera-
tionalised by specific indicators. With respect to the use of representations in the 
mathematics classroom, the PCK facet Making content accessible: explanations 
and representations (explanatory knowledge) relates to teachers’ knowledge on 
how to explain mathematical content by using multiple representations.  
 
Figure 8: The COACTIV model of professional competence                                                 
(Baumert & Kunter, 2013, p. 29) 
Accordingly, twelve instructional scenarios were designed that require teachers to 
provide support for students’ understanding. Released items show that emphasis 
was put on teachers’ knowledge on representations in the sense of providing “useful 
representations” (Krauss et al., 2013, p. 151) or “as many different ways as possible 
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of explaining” (ibid., p. 152) in order to make mathematical content accessible. This 
suggests that professional demands related to balancing the dilemma of multiple 
representations being help and hindrance for the learning of mathematics (Dreher 
& Kuntze, 2015b) were not taken into consideration. Furthermore, teachers’ ana-
lysing of classroom situations regarding the use of representations was completely 
neglected in the COACTIV competence model (Baumert & Kunter, 2013).  
It is also remarkable that the competence approaches in TEDS-M and COACTIV 
have a strong emphasis on teachers’ cognitive dispositions and regard related com-
petence aspects strongly related to subfacets of pedagogical content knowledge 
(e.g., Explaining or representing mathematical concepts or procedures; Blömeke, 
2013 or Making content accessible: explanations and representations; Baumert & 
Kunter, 2013). However, defining different kinds of knowledge facets and devel-
oping measures to investigate their relationship to each other, to teaching and to 
students’ learning does not appear to be enough as “still missing are studies that 
help us better understand how knowledge gets activated and used in classroom set-
tings” (Kersting et. al., 2016, p. 99). Also Kaiser et al. (2015, p. 371) point to the 
current need of research in teacher education and call for “a more comprehensive 
understanding of competence by linking cognitive with situated aspects”.  
TEDS-FU, a follow-up study of TEDS-M (e.g., Kaiser et al., 2015), has taken a first 
step into this direction of inquiry by including approaches related to teachers’ no-
ticing as described in section 2.4.1. Besides assessing aspects of professional 
knowledge based on the test instruments used in TEDS-M, a video analysis test 
component was developed in the framework of TEDS-FU in order to assess com-
petence in a more situated way. Following the competence model introduced by 
Blömeke, Gustafsson & Shavelson (2015), three situated teacher competence facets 
were distinguished: (1) perceiving particular events in an instructional setting, (2) 
interpreting the perceived activities and (3) decision-making, for example as pro-
posing alternative instructional strategies (Kaiser et al., 2015). These so-called sit-
uation-specific skills are supposed to comprise “all aspects” important for quality 
in mathematics teaching (Kaiser et al., 2015, p. 374) and comprise, for example, the 
potential for cognitive activation of the learners and individual learning support. 
However, a closer examination of released sample items reveals that competence 
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aspects related to teachers’ analysing of classroom situations with respect to uncon-
nected conversions of representations or corresponding support for students were 
not sufficiently taken into account.  
Summing up, current concepts of teacher competence aim at describing the charac-
teristics and qualities mathematics teachers need in order to successfully meet the 
demands of their profession (e.g., Baumert & Kunter, 2013). Regarding the use of 
multiple representations, however, the competence frameworks of TEDS-M, 
TEDS-FU and the COACTIV study appear not to have captured the full spectrum 
of such characteristics. In particular, competence aspects related to teachers’ ana-
lysing regarding the coordination of different representation registers and related 
cognitive demands for students have so far not been conceptualised and investigated 
in the competence frameworks described in this section. Consequently, the study 
presented here aims at following this need for research. Derived from the profes-
sional requirements related to dealing with multiple representations in the mathe-
matics classroom (see section 2.2), teachers’ analysing regarding the use of multi-
ple representations will be defined as an important profession-related competence 
which mathematics teachers need in order to meet such requirements.  
2.6 The competence of analysing the use of multiple 
representations in mathematics classrooms  
The starting point to conceptualise profession-related competences for teachers are 
professional demands that teachers have to master in order to create effective teach-
ing and learning situations in the classroom and enable students to achieve their 
learning objectives (Weinert, 2001b; Koeppen et al., 2008; Baumert & Kunter, 
2013). In section 2.2, essential professional requirements related to the use of rep-
resentations have been described in detail. Due to the special role multiple repre-
sentations play for the learning of mathematics, teachers have, for example, to sup-
port students in relating different registers of representations to each other and they 
have to balance the dilemma of multiple representations being aid and obstacle for 
the learning of mathematics (Dreher & Kuntze, 2015b). The analysing of classroom 
situations regarding the use of multiple representations can thus be regarded as an 
essential prerequisite for teachers in order to meet such demands. 
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As described above in section 2.4.2, analysing classroom situations is regarded as 
an awareness-driven and knowledge-based process in which observations made in 
a classroom situation are connected with relevant criterion knowledge (Kuntze, 
Dreher & Friesen, 2015). Building up on the concept of theme-specific noticing 
(Dreher & Kuntze, 2015a, b; Sherin, Jacobs & Philipps, 2011) and considering an-
alysing as a process, teachers’ analysing of classroom situations regarding the use 
of multiple representations comprises of the following three components: identifi-
cation of a relevant situation aspect with regard to the use of multiple representa-
tions, interpretation of the identified aspect based on corresponding professional 
knowledge and the articulation of the analysing result (see Figure 9). The process 
of analysing is, however, not seen as a linear process in which its components iden-
tification, interpretation and articulation follow each other in strict sequence. It 
might as well contain jumps between its components or even simultaneous pro-
cesses (Friesen, Dreher & Kuntze, 2015; Friesen & Kuntze, 2016). 
 
Figure 9: Analysing the use of representations as a knowledge-based process                        
(Friesen & Kuntze, 2016, p. 260; cf. Friesen, Dreher & Kuntze, 2015) 
The identification of a relevant situation aspect within a mathematics classroom 
situation can be considered to be the starting point of an analysing process in most 
cases. With respect to the use of multiple representations and related cognitive de-
mands for learners, conversions of representations and observations around them 
can be considered as particularly relevant situation aspects. The identification of 
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relevant situation aspects, such as unconnected conversions is supposed to be facil-
itated by an observer’s knowledge on the key role multiple representations and their 
coordination play for the learning of mathematics. The interpretation of an identi-
fied situation aspect comprises the connection between that aspect and correspond-
ing knowledge regarding the use of multiple representations. Such knowledge can 
provide the observer of a classroom situation with criteria to evaluate the identified 
situation aspect. Professional knowledge on the cognitive demands related to con-
versions can, for example, be used to evaluate situation-specifically whether an 
identified conversion of representations might be a potential obstacle for a student’s 
understanding. The articulation of the analysing result is marked by the expression 
of criteria-based explanation and argumentation. With respect to dealing with mul-
tiple representations, it can reveal the situation aspects an observer has identified as 
relevant and can give insight into the criterion knowledge an observer has drawn 
on in his or her argumentation (Friesen & Kuntze, 2016; Kuntze & Friesen, 2016).  
Thus, analysing the use of multiple representations can be seen as an essential pre-
requisite for teachers in order to meet related professional demands in mathematics 
classroom situations: Teachers have to link their observations with relevant crite-
rion knowledge to find out situation-specifically whether, for example, introducing 
a further register of representation facilitates an explanation or could rather lead to 
problems in students’ understanding. In order to make sure that students are sup-
ported in connecting different registers of representations to each other, teachers 
have to identify conversions and interpret them as potentially obstructive for stu-
dents’ learning, in particular if the registers remain unconnected. This relates, for 
example, to situations where further representations are introduced by teachers, as 
well as to situations where multiple representations are used by students when they 
share ideas or communicate during problem-solving processes.  
Accordingly, analysing regarding the use of multiple representations in classroom 
situations can be described as an important profession-related competence for math-
ematics teachers in two ways: First, analysing as described above requires the con-
nection of situation aspects related to the use of multiple representations with rele-
vant criterion knowledge. Therefore, it can be seen as a competence in the sense of 
Weinert (2001b), who emphasises the ability to apply available dispositions such 
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as knowledge to particular and variable situations as an essential part of his compe-
tence definition (section 2.5). Second, the successful analysing of classroom situa-
tions regarding the use of multiple representations can be regarded as an important 
prerequisite for teachers to master corresponding demands in the mathematics 
classroom (section 2.2). Only when a teacher is, for instance, able to identify and 
interpret potentially obstructing conversions based on criterion knowledge, he or 
she will be able to provide students with adaptive support in connecting different 
registers of representations to each other. Accordingly, and in line with Weinert’s 
(2001b) competence definition, the competence of analysing the use of multiple 
representations is defined as a teacher’s ability to successfully link observations in 
a mathematics classroom situation to relevant criterion knowledge regarding the 
use of multiple representations so that unconnected conversions are identified and 
situation-specifically interpreted with respect to their role as potential learning ob-
stacle.   
As this study aims at providing evidence on the assessment of such a competence, 
it is explicitly taken into consideration that the participating teachers are not them-
selves actors in the situation they observe and that they analyse other teachers teach-
ing. Analysing the use of multiple representations is consequently conceptualised 
as what can be described as armchair analysing (see also section 2.4.1). The fun-
damental difference between armchair analysing and analysing in-action is also em-
phasised by Mason (2016, p. 221) who argues that “(…) perception and interpreta-
tion of classroom incidents involving other teachers is a far cry from acting in-the-
moment in a classroom”. Teachers who are only spectators of a classroom situation 
are, for example, unable to interact with the students and probe students’ thinking 
(Kersting et al., 2016). They also lack the social context in which the observed 
teacher works like, for example, certain classroom practices and community values 
(Santagata & Yeh, 2016). At the same time, teachers who are involved in arm-chair 
analysing are not faced with the whole complexity of the ongoing information in a 
classroom and are not exposed to the pressure of decision-making or responding to 
students in the midst of instruction (Sherin, Jacobs & Philipp, 2011). As armchair-
analysing entails the opportunity to sit back and try to make sense of what is going 
on in a classroom, it is supposed to enhance analysing processes as described above 
while such processes might be impeded by the pressure of decision-making and 
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acting in real teaching situations. Another important aspect is that teachers have to 
manage multidimensional tasks and face simultaneity during instruction (e.g., 
Doyle, 1977) while armchair analysing can facilitate the process of analysing by 
focusing on a certain aspect, like in this case the use of multiple representations. 
Regarding the assessment of the competence of analysing the use of multiple rep-
resentations, the articulated analysing results are of special interest: Although they 
might only reflect parts of the analysing process, they can be taken as a key indica-
tor for an observer’s competence of analysing regarding the use of representations 
(cf. Oser, Salzmann & Heinzer, 2009). From an analysing result that contains  
(1) reference to an unconnected, potentially obstructing conversion and  
(2) a criteria-based argumentation based on relevant professional knowledge,  
an observer’s competence of analysing a classroom situation regarding the use of 
multiple representations can be inferred.  
In order to compare teachers regarding their competence of analysing the use of 
representations, it is, however, necessary to obtain analysing results from several 
classroom situations (Shavelson, 2013; Hartig et al., 2012). Moreover, it is im-
portant to take into account specific characteristics of the classroom situations the 
teachers are presented with, as the teachers’ analysing regarding the use of multiple 
representations might not only be influenced by their corresponding competence. 
Specific situational demands related to the content of a classroom situation, to its 
presentation format (e.g., video) or the response format in which teachers articulate 
their analysing results (e.g., open-ended format) could enhance or hinder teachers’ 
analysing regarding the use of representations and thus impede the interpretation of 
analysing results. Related research is, however, still scarce – even beyond the spe-
cific competence construct described above. Consequently, the next chapter pro-
vides insight into methodological opportunities and challenges related to the assess-
ment of teachers’ competence of analysing the use of multiple representations in 
classroom situations.  
2.7 Approaches to competence assessment 
Competences are characterised by the range of situations and tasks which have to 
be mastered and the assessment of competence should consequently be done by 
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confronting the test person with a sample of such (simulated) situations (Weinert, 
1999). The aim of such a task sample is to elicit a test result from which an individ-
ual’s level of competence can be inferred (Shavelson, 2013). How to sample tasks 
for the assessment of a competence construct is consequently a crucial question, as 
it has critical implications for the interpretation of the obtained test results. There-
fore, the construct definition plays a decisive role as it describes the competence 
constituents that are required to master specific demands. Shavelson (2013) also 
emphasises that task samples should be approved by experts in the field to be rep-
resentative for the domain of interest. Tasks included in competence measurement 
should consequently be related to demands in real-life situations which are typical 
for the domain of interest (Weinert, 2001b) and at the same time be standardised, 
providing all participants with the same tasks, scoring rubrics and testing conditions 
(Shavelson, 2013).  
In teacher education research, test instruments entailing classroom vignettes have 
been found to meet such criteria (e.g., Lindmeier, 2013; Brovelli et al., 2014; Oser, 
Salzmann & Heinzer, 2009). Accordingly, the next sections provide insight into the 
use of classroom vignettes in the assessment of profession-related competences of 
teachers. Different vignette formats (video, text, animation, comic) as well as dif-
ferent question formats (open-ended, closed-ended) will be reviewed with respect 
to the assessment of teachers’ competence of analysing regarding the use of multi-
ple representations. 
2.7.1 Vignette-based competence assessment  
Vignettes present typical or problematic teaching situations involving specific pro-
fessional demands or problems (Brovelli et al., 2014; Rehm et al., 2014). In order 
to meet such demands, corresponding professional competences are required. 
Teachers are, for example, asked to evaluate presented classroom situations accord-
ing to certain criteria and make suggestions for improvement (Tepner & Dollny, 
2014; Brovelli et al., 2014; Oser, Salzmann & Heinzer, 2009) or they are prompted 
to directly continue a lesson (e.g., Lindmeier, 2011; Knievel, Lindmeier & Heinze, 
2015; Bruckmaier et al., 2016). The aim is to elicit a test result from which a 
teacher’s level of the competence under investigation can be inferred (Shavelson, 
2013). In contrast to direct classroom observations, vignette-based test instruments 
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allow to assess competences under standardised conditions as the test persons’ re-
sponses to the same classroom situations become comparable (Kaiser et al., 2015; 
Oser, Salzmann & Heinzer, 2009). In addition, vignette-based instruments enable 
the systematic assessment of competence also with larger samples of teachers 
(Borko, 2016).  
2.7.2 The role of video vignettes  
Competence assessments entailing video vignettes have become particularly prom-
inent as they are supposed to provide representative job situations close to real 
teaching (Blömeke, Gustafsson & Shavelson, 2015; Kaiser et al., 2015; Seidel & 
Prenzel, 2007). Video vignettes have the potential to present complex classroom 
settings in a relatively authentic way and can thus also positively affect teachers’ 
motivation to engage with presented classroom situations (Sherin, 2004; Seidel et 
al., 2011). In this context, Goldman (2007) uses the term immersion to describe the 
effect that videos provide the observer with enough information to be “inside” of 
an event. Observing video vignettes can also facilitate the resonance with a 
teacher’s own teaching experiences, teaching practices of colleagues or teaching 
methods that are perceived as typical in a certain cultural setting (Seidel et al., 2011; 
Kleinknecht & Schneider, 2013). The experience of authenticity, motivation, im-
mersion and resonance during video analysis is therefore supposed to be a facilitator 
of teachers’ knowledge activation (Seidel et al., 2011). This is of particular interest 
for the assessment of teachers’ competence of analysing in this study, since analys-
ing classroom situations regarding the use of multiple representations is regarded 
as a knowledge-based process (section 2.6). Consequently, the test-takers’ engage-
ment with the analysed classroom situations can be regarded as an important pre-
requisite for their analysing regarding the use of multiple representations.   
In the following, current studies using video-based approaches for competence 
measurement (e.g., TEDS-FU, Kaiser et al., 2015; COACTIV video, Bruckmaier et 
al., 2016) will be reviewed with respect to how video vignettes were implemented 
to assess the competence aspects under investigation. The design of the video-based 
test instruments differ, for example, regarding the number and length of the pre-
sented video clips, the mathematical topics and grades they cover, the camera per-
spective and time constraints. In TEDS-FU (Kaiser et al., 2015), for example, the 
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secondary school teachers were presented with three video clips covering different 
grades (class 9 and 10), school types (academic track and comprehensive schools) 
and topics (functions, volumes, surfaces). The three video clips in the COACTIV 
video study comprised the topics inequalities including fractions, proportionality 
and mean values (Bruckmaier et al., 2016). The duration of the COACTIV video 
vignettes was up to two minutes each, those of TEDS-FU lasted up to 3.5 minutes 
(Kaiser et al., 2015). Lindmeier (2011) used four video vignettes lasting between 
24 seconds and 2 minutes whereas Oser, Salzmann and Heinzer (2009) applied only 
one video lasting about 5 minutes. In order to simulate a real-life situation, in some 
of the studies the videos could only be watched once and rewinding or pausing was 
not possible (e.g., Lindmeier, 2011, Kaiser et al., 2015). For the assessment of so-
called action-related competencies (e.g., Lindmeier, 2011) and the competence to 
recognise students’ errors (Kaiser et al., 2015) time limits for teachers’ reactions to 
the video clips were additionally implemented. Other studies did not set any time 
constraints (e.g., Bruckmaier et al., 2016; Oser, Salzmann & Heinzer, 2009) and 
explicitly allowed the teachers to view a video clip more than once. They hereby 
tried to compensate for the fact that the teachers are unable to interact with the 
students as they would be in a real teaching situation (e.g., Kersting et al., 2016) 
and gave them the opportunity to investigate details of a classroom situation or even 
revise and correct their own judgements (Oser, Salzmann & Heinzer, 2009). While 
some studies presented the test persons with videos recorded in real teaching situa-
tions (e.g., Kersting, 2008), others used staged videos with scripted plots (Kaiser et 
al., 2015) or re-enacted classroom situations (Bruckmaier et al., 2016). Different 
perspectives of the camera were used in order to capture different competence fac-
ets: while a point-of-view mode simulating the teachers’ perspective was applied to 
assess action-related “direct” teacher competencies (e.g., Lindmeier, 2011), a third-
person perspective showing another teacher acting in the classroom was used to 
assess more “reflective competencies” (e.g., Kaiser et al., 2015, p. 377). Oser, Salz-
mann and Heinzer (2009) used three camera perspectives simultaneously (the 
teacher, the entire classroom and the student to whom the teacher relates in a par-
ticular time) to assess competence in a so-called advocatory approach: The test 
persons were presented with a video vignette showing another teacher teaching his 
class and were asked to evaluate the observed teaching behaviour regarding certain 
criteria. The evaluations were then taken as indicators of the observing teachers’ 
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own competence regarding these criteria. In studies comprising several video vi-
gnettes, different lessons with different teachers and different students were en-
closed in the test instruments (e.g., Kaiser et al., 2015) in order to avoid interactive 
effects. In most of the studies, context information about the class and the lessons 
prior to the one shown in the video were given before the video was played (e.g., 
Kersting, 2008; Kaiser et al., 2015; Bruckmaier et al., 2016). 
As many current studies argue for the use of video in competence assessment, 
video-based vignettes could also be implemented in a test instrument assessing 
teachers’ competence of analysing the use of multiple representations. However, a 
closer look at the studies outlined above show that one of the main potentials of 
video vignettes, namely to present “real-life, that is unstructured situations” (cf. 
Blömeke, Gustafsson & Shavelson, 2015, p. 9) often remains unused: In order to 
provide the test-takers with several classroom situations within a limited test time, 
most studies apply rather short video clips based on scripted plots as the imple-
mented professional demands have to be presented in a compact form within a few 
minutes. Moreover, the characteristics of “maximum situativity and authenticity” 
that are commonly assigned to video vignettes (e.g., Brovelli et al., 2014 p. 555; 
Voss, Kunter & Baumert, 2011) have to be considered with caution as “instead of 
experiencing the real situation, a certain video-sequence is shown to the test person 
as if it were real” (Kaiser et al., 2015, p. 384). The focus of the camera allows to 
take only a certain perspective of the classroom and many real-life features such as 
classroom atmosphere or interaction with students cannot be provided by a video 
vignette. 
Although the characteristic of authenticity is often considered as one of the main 
reasons for using video vignettes, only very few studies have investigated how au-
thentic or genuine the observers perceived the presented classroom videos in a test 
instrument (e.g., Seidel et al., 2011; Herbst, Aaron & Erickson, 2013). With respect 
to the assessment of the competence of analysing in this study, it has also to be 
taken into consideration whether essential features entailed in video vignettes, such 
as high individuality, temporality (Herbst et al., 2011a) and a large amount of con-
text information (Friesen & Kuntze, 2016) are beneficial for teachers’ analysing 
regarding the use of multiple representations. 
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2.7.3 Beyond video: vignettes in the format text and animation  
 As outlined above, using video vignettes in the assessment of teacher competence 
appears to have merits as well as pitfalls. For this reason, the study presented here 
aims at investigating if formats other than video can be used to assess teachers’ 
competence of analysing the use of representations in mathematics classrooms. One 
possible format are text vignettes as used by Dreher and Kuntze (e.g., 2015a, b) in 
order to assess teachers’ theme-specific noticing. They applied four transcript-like 
text vignettes with fictitious classroom situations to elicit the observers’ ability to 
notice potentially obstructing demands of conversions of representations for stu-
dents’ understanding. Their study did, however, not include the investigation of the 
participants’ engagement with the presented text vignettes, for example in terms of 
authenticity or immersion (cf. Seidel et al., 2011). Although Dreher and Kuntze 
(2015a) argue for the use of text-based vignettes in order to avoid unintended dis-
turbing factors due to the higher complexity in video clips, they acknowledge that 
video vignettes might represent classroom situations “in a more realistic way” 
(Dreher, 2015, p. 113) and call for corresponding research.  
In the context of teacher education, Syring et al. (2015) compared pre-service teach-
ers’ work with cases in the two formats text and video. Therefore, they investigated 
the effects of both formats on cognitive load and motivational-emotional processes. 
They found that working with video vignettes appeared to cause higher cognitive 
load than working with text vignettes. While the effect on the pre-service teachers’ 
motivation was comparable, the immersion in and joy of learning appeared stronger 
in the video analysis than in that of text vignettes.   
Besides text and video formats, current research has also focused on animations 
with cartoon characters as possible vignette format in teacher education and re-
search (e.g., Lande & Mesa, 2016). In the context of professional development, it 
has been shown that not only video clips but also animated vignettes could achieve 
better learning effects than vignettes in text format (Moreno & Ortegano-Layne, 
2008). Comparably, Herbst, Aaron and Erickson (2013) found that an animated vi-
gnette can be just as useful as a video to engage pre-service teachers in classroom 
situations. They administered the same classroom situation in three different vi-
gnette formats to N=61 participants: (1) as a 6 minute unedited video clip, (2) as an 
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animation with a nondescript character set and (3) as an animation with a more 
complex character set entailing greater character individuality (see Figure 10). 
 
Figure 10: Screenshots of a classroom situation represented in two animation formats 
(Herbst, Aaron & Erickson, 2013, p. 6) 
Both animations depicted the same episode of the geometry lesson captured in the 
video and combined an audio track with a video track. The presentation of the class-
room vignette was followed by a two-hour interview arranged in the six sections 
genuineness, projectiveness, mathematics, noticing, reflectiveness and alternativ-
ity. While the pre-service teachers who watched the video saw it significantly more 
genuine than pre-service teachers who viewed either of the animated vignettes, no 
significant differences were found in any of the other measures. Herbst, Aaron and 
Erickson (2013) thus concluded that the vignette formats animation and video are 
comparably effective in enabling pre-service teachers, for example, to notice as-
pects of subject matter and pedagogy or to project a classroom situation to their 
own experiences. In the case of in-service teachers, Herbst and Kosko (2014) in-
vestigated N=68 experienced practitioners and compared the conversations that the 
teachers had in response to representations of instruction in the formats video and 
animation. They found that the video elicited more uses of inclination (e.g., “I’d 
rather do X”) while the animated vignettes elicited more uses of appropriateness 
(e.g., “She should have done X”). Although the video and the animations dealt with 
situations about “doing proofs” in highschool geometry, they represented different 
instructional situations and the animations were no “translation” of the video vi-
gnette like in the study by Herbst, Aaron & Erickson (2013). The results of the study 
suggested, however, that animations are just as useful as videos to elicit modal 
statements about instructional practice.  
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2.7.4 Comic-based vignettes: a format “in between”  
Herbst et al. (2016) used comic-based storyboards to assess teachers’ instructional 
decision-making and suggest comic-based vignettes as format “in between” (see 
Figure 11). Regarding temporality, a comic strip with speech bubbles can be com-
pared to a text vignette whereas regarding individuality, it is closer to an animation 
or video (Herbst et al., 2011a). Similar to text vignettes, comics allow to sketch 
numerous and systematic variations of a classroom situation that can hardly be 
found and recorded in reality (Herbst & Kosko, 2014). Comparable to videos and 
animations, individual characteristics that might be important to fully comprehend 
a situation can be added in comics, without leading to lengthy descriptions that 
would be necessary in text vignettes.   
 
Figure 11: Classroom situation represented as comic vignette (Herbst et al., 2016, p. 174) 
At the same time, unnecessary context information that might be hindering for the 
engagement with and analysis of a classroom situation can be left out (Friesen & 
Kuntze, 2016; Friesen, Kuntze & Vogel, 2017). Low individuality as provided by 
nondescript characters in comic vignettes might also help to project an observers’ 
individual teaching experience on a classroom situation and could thus facilitate the 
engagement with a vignette in terms of immersion, authenticity, motivation and 
resonance (Herbst & Kosko, 2014; Seidel et al., 2011).  
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2.7.5 Open vs. closed: The question of question format  
Besides deciding on vignette formats in order to assess teachers’ competence of 
analysing the use of multiple representations, the development of a corresponding 
test instrument requires to choose suitable question formats. A common classifica-
tion of question formats is the differentiation between closed-ended (or selected-
response) and open-ended (or constructed-response) questions (e.g., Haberkorn, 
Pohl & Carstensen, 2016). While the answers to open-ended questions have to be 
generated by the test-takers themselves, closed-ended formats require to select one 
or several answers out of pre-determined correct and incorrect options (multiple 
choice). Another form of closed-ended question formats consists of rating scales 
involving statements which the test persons are asked to rate, for example, accord-
ing to a Likert-type scale (Vogt, 1999).  
The characteristics of different types of question formats are not only related to 
aspects of test validity and reliability, but they are also supposed to have an impact 
on item difficulty and can even affect the dimensionality of a competence construct 
(e.g., Hartig, 2008). In the context of competence measurement, considerations with 
regard to validity support the implementation of open-ended items since the test 
persons have to generate the answers themselves and respond in their own words 
(e.g., Kaiser et al., 2015). However, solving open-ended questions often takes more 
time and reduces the amount of tasks that can be implemented within a given testing 
time. Moreover, the coding of high-inferent items can involve problems regarding 
reliability (Wood & Power, 1987). Due to high test efficiency, closed-ended for-
mats are the most widely used item types in achievement tests of large-scale studies 
(Haberkorn, Pohl & Carstensen, 2016). Closed-ended items are, however, consid-
ered to be liable to guessing, either blind, through the elimination of alternatives or 
even using the format or length of the items provided (Wood & Power, 1987). It 
has also been found that multiple-choice items can sometimes be answered without 
reading the respective stem or text passage, which raises doubts regarding validity 
(Rauch & Hartig, 2010).  
Hartig et al. (2012) point out that different response formats can affect item diffi-
culty, as generating own answers to open-ended questions might be more complex 
than selecting between pre-determined answers. Several studies, including TIMSS 
(Third International Mathematics and Science Study), provide evidence that the 
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empirical difficulty of open-ended items is often significantly higher than that of 
multiple-choice items (Rauch & Hartig, 2010; Hartig, 2008). Regarding the assess-
ment of competences, different question formats can even cause items to measure 
different latent traits, thus leading to unintended multidimensionality (Hartig & 
Höhler, 2009). This could, for example, be the case if solving an open-ended item 
in a test instrument is not only more demanding but requires also somewhat differ-
ent or additional latent abilities than solving a corresponding closed-ended item 
(Hohensinn & Kubinger, 2011; Hartig, 2008; Rauch & Hartig, 2010).  
For assessing the competence of analysing the use of multiple representations, 
open-ended question formats appear to be highly applicable for several reasons: 
Since the test-takers have to generate the answers themselves, they have to make 
explicit which events of the classroom situation they refer to in their analysis and 
their argumentation can indicate what criteria they draw on when they evaluate 
those events. This reflects very well the quality of analysing and gives insight 
whether and how the subject of analysis is connected with relevant criterion 
knowledge (cf. chapter 2.6). Corresponding closed-ended formats would require 
the selection of pre-determined options and would thus make the subject of analysis 
(use of multiple representations) more explicit. The given answers might therefore 
provide the test-takers with corresponding criteria they can use for their analysis. 
In this context, an exploratory study by Friesen, Dreher and Kuntze (2014) provided 
evidence that  N = 31 pre-service teachers’ analysis of two video vignettes regard-
ing the use of multiple representations were substantially influenced by the applied 
question formats: Answering open-ended questions, most pre-service teachers de-
scribed the use of multiple representations as shown in the classroom videos as en-
tirely supportive for the students’ understanding, whereas answering multiple-
choice questions strongly increased the number of negative and critical evaluations.  
Summing up, different question formats as well as different vignette formats can be 
applied in order to assess teachers’ competence of analysing classroom situations 
regarding the use of representations. From the content perspective, Dreher & 
Kuntze (e.g., 2015a) have shown that text vignettes can be used to assess pre-service 
and in-service teachers’ noticing regarding the use of representations in mathemat-
ics classrooms. From the perspective of competence assessment, video vignettes 
appear to be highly applicable as they have the potential to present professional 
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demands related to the use of representations in a relatively authentic way and can 
facilitate the observers’ engagement with the presented classroom situations. Cur-
rent research suggests comic vignettes as intermediate vignette format providing the 
potential of integrating advantages attributed to texts and videos. Regarding differ-
ent question formats, open-ended and closed-ended formats can be implemented to 
assess teachers’ analysing regarding the use of multiple representations in the math-
ematics classroom (Friesen, Dreher & Kuntze, 2014; Dreher & Kuntze, 2015a, b). 
However, there are good reasons to assume that the individual characteristics of 
different vignette and question formats correspond to diverging demands which can 
influence the test-takers’ analysis of the corresponding classroom situations (Hartig 
et al., 2012; Friesen, Dreher & Kuntze, 2014).  
However, there is so far very little empirical research that is format-aware and 
makes the effect of different vignette formats (text, video, comic) and different 
question formats (open-ended, closed-ended) comparable. The studies presented 
above differ, for example, regarding domains (educational sciences, social studies, 
mathematics) and vignette formats (different kinds of texts, videos, comics, anima-
tions). Moreover, the number of classroom situations involved in studies that com-
pare different vignette formats is often rather low: Whereas Syring et al. (2015) 
used four vignettes from one classroom in their test instrument, Moreno and Orte-
gano-Layne (2008) as well as Herbst, Aaron and Erickson (2013) compared pre-
service teachers’ responses to only one classroom situation. There is also need for 
research with respect to the comparison of different question formats used in com-
petence tests: Many studies in this context are not situated in the context of teacher 
education, refer to domains other than mathematics or compare different question 
formats that do not have a common stimulus in form of a reference text or vignette 
(e.g., Rauch & Hartig, 2010). Although current studies assessing aspects of teacher 
competence use a combination of open-ended, rating-scale and multiple-choice for-
mats (e.g., Kaiser et al., 2015), there is hardly any systematic empirical evidence 
on different question formats which aim at eliciting the same competence aspect 
while being related to the same classroom situation in a vignette-based test.   
Therefore, it would be particularly insightful to compare teachers’ responses to var-
ious classroom situations that are situated in similar contexts (regarding topic and 
grade) while each situation is represented in different vignette formats (text, comic, 
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video) and responses are collected in open-ended and closed-ended questions. The 
study presented here aims at filling this gap in research by investigating (1) how 
different vignette formats (text, comic, video) impact on teachers’ engagement with 
and analysing of the use of multiple representations in (2) six classroom situations, 
which are all situated in class 6 in the content domain of fractions, using (3) both 
open-ended and closed-ended questions for each classroom vignette. Correspond-
ing research questions will be presented in the next chapter. 
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3 Research interest and research questions 
The main research interest of this study is to investigate teachers’ competence of 
analysing the use of multiple representations in mathematics classroom situations. 
Consequently, the following research questions address essential aspects related to 
the vignette-based assessment of such a competence and the quality of its measures.  
As a vignette-based approach is chosen in this study in order to assess the compe-
tence of analysing the use of multiple representations, it is of particular importance 
to investigate if the participants of the study are sufficiently engaged with the class-
room situations they analyse. Therefore, it should be examined how the participants 
perceive the implemented vignettes in terms of motivation, immersion and reso-
nance and how they rate the vignettes regarding their authenticity (Seidel et al., 
2011; Herbst, Aaron & Erickson, 2013). Accordingly, the first research question is: 
1 How do the participants of the study perceive the presented classroom 
 vignettes in terms  of authenticity, immersion, motivation and resonance? 
 
For teachers’ engagement with the classroom vignettes, the format of these vi-
gnettes might play an important role. Video-based vignettes are attributed the po-
tential to enhance teachers’ engagement with presented classroom situations (Seidel 
et al., 2011). There is, however, little empirical evidence if comics and text vignettes 
are perceived comparably authentic and if they are comparably useful to engage 
pre-service and in-service teachers in terms of motivation, immersion and reso-
nance. Accordingly, this study aims at answering the following research question: 
2 How are different vignette formats (text, comic, video) perceived in terms of 
authenticity, immersion, motivation and resonance? 
 
Since this study aims at assessing teachers’ competence of analysing regarding the 
use of multiple representations in a newly-developed test, it should be investigated 
if all items measure the same construct before test scores are assigned based on the 
participants’ analysing results. Controlling for unidimensionality can accordingly 
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be regarded as a quality check in order to examine if the theoretical conceptualisa-
tion as a competence construct holds up empirically (Bond & Fox, 2015). Accord-
ingly, the third research question of this study is:    
3 Is it possible to model the competence of analysing regarding the use of 
 multiple representations empirically as a unidimensional construct? 
  
In this study, the competence of analysing multiple representations in classroom 
situations is described as an important profession-related competence of mathemat-
ics teachers. Teachers have to be able to identify unconnected conversions and in-
terpret these conversions situation-specifically with respect to their role as potential 
learning obstacles in order to provide students with corresponding learning support. 
For this reason, the competence of analysing is regarded as an important prerequi-
site to meet professional demands related to the use of multiple representations in 
the mathematics classroom. It is consequently of particular interest, how teachers 
analyse classroom situations in a vignette-based test and whether the competence 
of analysing can be inferred from their analysing results. This leads to the next re-
search question: 
4 How do the participating pre-service and in-service teachers analyse the 
 classroom  situations regarding the use of multiple representations?  
 
Competences are considered to be teachable and learnable in the framework of pro-
fessional development (Weinert, 2001b; Stahnke, Schueler & Roesken-Winter, 
2016) and analysing classroom situations regarding the use of multiple representa-
tions has been described as an important aspect of teacher expertise (Dreher & 
Kuntze, 2015a). There are consequently good reasons to assume that the compe-
tence of analysing differs amongst different levels of professionalisation. Accord-
ingly, the presented study aims at investigating teachers at four important levels of 
professional development: the beginning of university studies, the beginning and 
end of pre-service teachers’ induction phase at schools and as more experienced in-
service teachers. This leads to research question number five: 
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5 Are there any differences in the participants’ competence of analysing related 
 to different levels of teacher professionalisation? 
 
As outlined above, it is assumed that individual characteristics of the different class-
room vignettes can have an impact on teachers’ analysing regarding the use of rep-
resentations. Hartig (2008) suggests that not only the content of a vignette, but also 
specific characteristics such as the vignette format and the question format can play 
a role for the difficulty of an item. Vignettes in the format text, comic and video 
differ, for example, with respect to their temporality, the level of individuality or 
the amount of context information, which might enhance or impede the analysing 
of the presented classroom situation. There is, however, hardly any empirical evi-
dence on the relation between different vignette formats or question formats and 
teachers’ analysing regarding the use of multiple representations. The aim of this 
study is, accordingly, to find answers to the following research questions:   
6 How is the participants’ analysis of the presented classroom vignettes related to 
different vignette formats (text, comic, video)? 
7 How is the participants’ analysis of the presented classroom vignettes related to 
different question formats (open-ended, closed-ended)? 
 
The following chapter describes the design and methods that were used in order to 
find answers to these research questions.  
 
 
 
 
 
 
 
4 Design, methods and sample 55 
 
4 Design, methods and sample 
4.1 Design of the vignette-based test instrument 
4.1.1 Common content and structure of the classroom vignettes  
In order to find answers to the research questions of this study, a vignette-based test 
instrument was designed, for which in a first step nine classroom sequences were 
developed. The aim was to design the classroom sequences in such a way, that they 
would reflect professional requirements related to the use of multiple representa-
tions, in particular the requirement to identify unconnected conversions and to in-
terpret them situation-specifically with respect to their role as potential learning 
obstacles. At the same time, the classroom situations should represent a variety of 
situations within a common content in order to enhance the comparability of corre-
sponding analysing results. Following this argumentation, all classroom sequences 
were situated in the context of learning fractions in grade 6. Thus, the study can 
build on research by Dreher & Kuntze (e.g., 2015a, b) who chose this content focus 
due to the fact that the integration of multiple representations is regarded as partic-
ularly significant for students’ conceptual understanding of fractions (e.g., Ball, 
1993a; Charalambous & Pitta-Pantazi, 2007). The key role of multiple representa-
tions for learning fractions is also reflected in National Standards: Students are sup-
posed to use fractions along with visual fraction models and to represent fractions 
and corresponding operations on the number line, in fraction bars and area models 
(e.g., KMK 2004; NCTM, 2000). The main reason for this is that fractions have 
“many faces” (Padberg, 2012, p. 32), meaning that various kinds of representations 
are needed to represent the many aspects encompassed in the notion of fractions, 
such as part-whole, operator, ratio, quotient or measure (e.g., Padberg, 2012; Dreher 
& Kuntze, 2015a). In order to master the tasks connected to the conceptual learning 
of fractions, students must consequently be able to integrate a variety of fraction 
representations reflecting the different aspects encompassed in the notion of frac-
tions (Padberg, 2012). For this reason, teachers’ are particularly required to identify 
unconnected conversions and interpret them situation-specifically with respect to 
their role as potential learning obstacles, which makes teachers’ competence of an-
alysing essential for meeting the professional demands in teaching fractions.  
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All classroom situations in the designed test instrument have a similar structure 
showing a teacher and his or her class working in small groups. In order to focus 
on the participants’ analysing regarding the use of multiple representations in the 
classroom situations, the plots were designed on purpose in such a way that the 
teachers’ support of the students is not in line with the theory regarding the use of 
multiple representations as outlined above (cf. Friesen & Kuntze, 2016; Friesen, 
Kuntze & Vogel, 2017): Each classroom situation starts with a teacher being asked 
for help by a group of students who has already started to solve a given problem 
using a certain register of representation (e.g., number line or decimal notation). 
With the aim to support the students’ understanding, the teacher shifts away from 
the register of representation at hand, introduces an additional register and uses this 
register for the following explanations. The teacher fails, however, to offer any sup-
port in relating the additional register of representation to the register the students 
have already been using and thus exposes them to unexplained changes of repre-
sentations. In doing so, several important requirements related to the use of multiple 
representations in the mathematics classroom are not met by the teacher and can be 
analysed in the designed classroom situations: First, the teacher misses the oppor-
tunity to help the students to solve their problem in the register they have already 
started to use. As this would have been possible in all of the situations, the teacher 
does not show sufficient awareness of the dilemma that introducing an additional 
representation is not always a help, but might also be an obstacle for students’ un-
derstanding. Second, the teacher introduces the additional register of representation 
without relating it to the students’ representation register. Thereby, the teacher does 
not consider the high cognitive demands related to unconnected conversions and 
takes the risk that the explanation impedes students’ learning rather than enhancing 
it. Third, the teacher solves the given problem in the additional register without 
relating the solution back to the register the students have started with. Thereby, the 
students are left with a solution in a different register from the one they have started 
from and the teacher misses the opportunity to support them in making connections 
between the different representations generated by students and the teacher. As the 
teachers in the classroom vignettes do not meet essential professional requirements 
related to the use of multiple representations, the students are repeatedly exposed 
to unconnected and unexplained conversions and the teachers’ reaction could lead 
to further problems in their understanding.  
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In this way, the vignettes focus directly on the teachers’ competence of analysing 
the use of multiple representations as defined in section 2.6: The teachers have to 
identify unconnected conversions and interpret them situation-specifically with re-
spect to their role as potential learning obstacles. 
4.1.2 Validation of the classroom vignettes: expert rating  
In order to explore validity after the vignette design, the classroom situations were 
presented to N=5 expert teachers who are not only experienced practitioners but 
also hold positions as teacher educators for pre-service teachers who are in their 
induction phase at secondary schools. Therefore, these expert teachers can be ex-
pected to be well experienced in observing and analysing classroom situations. 
Based on the method of cognitive interviewing (Willis, 2005), they were separately 
asked to analyse the designed vignettes and to evaluate the teacher’s reaction to the 
students’ question regarding the use of multiple representations in each classroom 
situation. In addition, the expert teachers judged the authenticity of the designed 
classroom situations, for example regarding the questions the students asked and 
the representations that were used by students and teachers. According to these ex-
pert ratings, six classroom situations were chosen for the test instrument in which 
the support given by the teachers was identified as potentially impeding for the stu-
dents’ understanding due to the unexplained change of representations as outlined 
above. These classroom situations were also rated as highly authentic and repre-
sentative for mathematics classrooms in grade 6 by the experts. 
 
4.1.3  The classroom vignettes of the study: an example  
To provide more insight into the content and plot of the vignettes, vignette number 
five is shown as an example in Figure 12 and will be described in more detail in the 
following (cf. Friesen & Kuntze, in press). 
In this classroom situation, the students struggle with converting an improper frac-
tion into a mixed number. They have already started to solve the problem by chang-
ing registers, namely from the given register of representation (fraction number 
13
5
 ) 
to a division (13:5). As they do not know how to continue, the teacher explains that 
they can write the remainder of the division as a fraction. As this idea involves a 
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conversion from the division register (13:5=2R3) back to the fraction register (2
3
5
), 
which the students obviously are not able to carry out, the teacher introduces two 
further registers of representation: The problem is now represented in a real-world 
situation where 13 pizza slices are put together in a way that they form two whole 
pizzas and three slices.  
 
Figure 12: Vignette # 5 in text format  
While telling the pizza story, the teacher uses another register of representation by 
drawing fraction circles that stand for the pizzas. The situation finishes with the 
teacher verbally providing a mixed number as the solution to the initial problem: 
“Two wholes and three fifths”.  
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On the surface, it seems that the teachers’ learning support has finally led to the 
correct solution of the given problem. Moreover, the teachers’ idea to move away 
from symbolic representations to the potentially motivating pizza story and col-
oured fraction circles seems to be a student-oriented approach. However, analysing 
this classroom vignette against the theoretical background of dealing with multiple 
representations in the mathematics classroom as outlined above leads to a different 
result: Throughout the situation, the students are hardly supported in relating dif-
ferent registers of representations to each other when changes of representations 
occur. The first conversion from the fraction to the division register is initiated by 
the students themselves, but they cannot complete it. Instead of supporting the stu-
dents in doing so, the teacher unnecessarily changes registers again by introducing 
the pizza story and the circular pies, however, without making any connections to 
the registers used before. It remains, for example, unexplained why there are thir-
teen pizza slices and why always five slices make one whole. The problem is finally 
solved by the teacher in the pizza register, again without making any connections 
back to the registers the students were struggling with at the beginning of the situ-
ation. The teacher does, for example, not explain, how the solution “two wholes 
and three fifth”, which is only verbally expressed, is related to the solution in the 
pizza register (two whole pizzas and three slices are left) or in the division register 
(2R3), where fifths do not appear at all. For these reasons, the teachers’ reaction 
can hardly be regarded as a support for students’ understanding, but might rather 
be seen as a potential obstacle for the successful integration of multiple registers of 
representation in the process of students’ fraction learning. 
   
4.1.4 Different vignette formats: text, comic and video  
In order to investigate the role of different vignette formats for the participants’ 
engagement with the classroom situations and their analysis regarding the use of 
multiple representations, each of the six situations was implemented as text, comic 
and video, resulting in 18 vignettes altogether. The texts were used as blueprints to 
design the comics and the comics provided the storyboards for the video recordings. 
In order to avoid dependencies between the video vignettes, each video was rec-
orded in another classroom showing six different teachers and their learning groups 
from grade 6. The teachers in the videos represent different age groups and there 
4 Design, methods and sample 60 
 
are male as well as female teachers. After editing the video recordings, the comics 
and texts were adapted, so that the conversations in the classroom situations would 
have the same wording and the representations used by students and teachers would 
look the same in each vignette format (cf. Friesen, Kuntze & Vogel, 2017; example 
in Figure 13).  
     
Figure 13: Vignette # 5 as text, comic and video; comic drawn by Juliana Egete 
Although the corresponding text, comic and video represent the same classroom 
situation, they differ from each other regarding aspects of individuality, temporal-
ity, modality, the positioning of relevant information regarding representations and 
the amount of context information in general (Friesen & Kuntze, 2016; Friesen & 
Kuntze, in press). Specific characteristics regarding those aspects might, however, 
either facilitate or impede the test-takers’ engagement with the vignettes and their 
analysing regarding the use of representations. Therefore, the particular character-
istics and demands of the text, comic and video vignettes implemented in this study 
will be described in the following.    
Analysing text vignettes requires from the test-takers to get engaged with the class-
room situations although only basic information is given. Providing only little in-
dividuality regarding the characters and the classroom, the text format might on the 
one hand facilitate the test-takers’ resonance to own teaching experiences and help 
to focus the analysis on the use of representations. The reduced amount of context 
information could, on the other hand, make it difficult for the test-takers to immerse 
into the situations and could make the situations look less authentic. As each par-
ticipant can read the text vignettes according to his or her own speed, stop or go 
back to read more carefully, the temporality of a real classroom is not preserved 
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and analysing could become easier. In addition, the representations used by the stu-
dents and the teachers clearly stand out from the surrounding text lines and relevant 
information might thus be more accessible for analysis. 
The video vignettes provide in contrast high individuality as they show specific stu-
dents, teachers and classrooms which might contribute to the perceived authenticity 
of the situations. Video might also be particularly motivating for the test-takers. 
However, video vignettes provide the observers with a large amount of context in-
formation that could also impede the analysis regarding the use of representations. 
When the teacher explains and draws at the same time, visual and acoustic infor-
mation has to be perceived simultaneously with a temporality close to a real class-
room situation. Analysing video vignettes requires from the test-takers to extract 
the relevant information regarding the use of representations from the moving pic-
ture without being distracted by the large amount of context information. Adding 
to this potential difficulty, the representations used by the students and the teacher 
cannot be viewed at the same time.   
Comic vignettes are close to texts regarding the aspect of temporality but can also 
be compared to video where the aspect of individuality is concerned. The comic 
classrooms have some basic furnishing and the comic characters allow to observe 
facial expressions, which could enhance the test-takers’ immersion into the situa-
tions. However, in contrast to video, the individuality of the characters is reduced 
to a certain amount so that, for example, girls and boys cannot be distinguished and 
the comic characters look very similar in the six different vignettes. Analysing 
comic vignettes requires from the test-takers to connect graphical elements (comic 
storyboard, depicted representations) to the text in the speech bubbles in order to 
make sense of the classroom situation. The reduced amount of context information 
in contrast to the videos might, on the one hand, help to focus the analysis on the 
use of multiple representations. However, compared to the text vignettes, the rep-
resentations used by students and teachers merge to a large extent with the comic 
background, which could, on the other hand, make the analysis more difficult. 
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4.1.5 The test design: a multiple matrix design with test booklets  
In order to investigate the role of the different vignette formats on the test-takers’ 
engagement with the vignettes and on their analysing regarding the use of represen-
tations, a multiple matrix design comprising of six test booklets was applied (see 
Table 1). Each booklet included the six classroom situations and always two situa-
tions were implemented in the same vignette format (text, comic or video). 
 
Table 1: Multiple matrix booklet design (T ≙ text, C ≙ comic, V ≙ video)  
The booklets contained explanations on how to start the videos on a laptop or tablet 
computer when the participants were asked to analyse a classroom situation in video 
format (see also section 4.1.7 on the administration of the test instrument). The links 
amongst the booklets can be seen in Table 1: always two booklets were linked to 
each other by sharing a cluster of three vignettes in the same format. Thus, a bal-
anced distribution of the six situations in the three formats could be achieved.  
     
4.1.6 Different question formats: open-ended and closed-ended  
In order to examine the role of different question formats for the test-takers’ analy-
sis regarding the use of representations in the classroom vignettes, each of the six 
situations was followed by the same open-ended question and four rating-scale 
items (see Table 2). The open-ended question explicitly prompted the test-takers to 
evaluate the use of multiple representations in the classroom situations by taking 
into account both the teacher (“the teacher’s response”) and the students (“in order 
to help the students”). The participants were also asked to give reasons for their 
answers as the analysing results are considered to be an indicator for the compe-
tence of analysing under investigation. In particular, the analysing results are as-
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sumed to give insight if the test-takers are able to identify the unconnected conver-
sions in the classroom situation caused by the teacher’s change of representations 
and interpret them as potentially obstructing for the students’ understanding. 
In addition to the open-ended question, the participants rated four statements on the 
use of multiple representations for each classroom situation using a six-point Likert 
scale (1 = I strongly disagree; 6 = I strongly agree). In order to avoid that the par-
ticipants are provided with correct evaluations of the classroom situations, all rat-
ing-scale statements describe on purpose the teachers’ reaction as positive and sup-
portive with respect to the students’ learning with multiple representations (see Ta-
ble 2). 
Question    
format 
Sample items 
open-ended 
How appropriate is the teacher’s response in order to help the 
students? Please evaluate regarding the use of representations 
and give reasons for your answer. 
rating-scale 
By using an additional representation, the teacher supports the 
students’ understanding. 
 
The teacher’s approach fosters a flexible use of representations. 
 
Through the help of the teacher, the students learn to use differ-
ent representations. 
 
The explanations of the teacher connect the different represen-
tations in a learner-oriented way. 
Table 2: Open-ended question and rating-scale statements related to the use of multiple 
representations 
With the aim to investigate how authentic the participants found a given classroom 
situation and how they perceived their motivation, immersion and resonance when 
dealing with it, they were asked to evaluate their engagement with each vignette. 
Therefore, the test-takers evaluated four statements according to a six-point Likert 
scale (1 = I strongly disagree; 6 = I strongly agree) after analysing a classroom 
situation regarding the use of representations (see Table 3). 
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Engagement    
(in terms of) 
Sample items 
authenticity The classroom situation appeared as authentic to me. 
immersion I felt part of the situation, as if I had been there in the classroom. 
motivation I found it motivating to deal with the classroom situation. 
resonance Dealing with the situation made me think of my own classroom 
experience. 
Table 3: Rating-scale statements related to the engagement with the vignettes                 
(cf. Seidel et al., 2011)  
4.1.7 Administration of the test instrument  
The test booklets were administered as paper-and-pencil tests and each booklet 
started with a short introduction into the setting of the classroom vignettes (group 
work in the context of fraction learning in grade 6). This introduction was followed 
by a short explanation of the notion representation in the context of teaching and 
learning mathematics in order to ensure a similar understanding of all participants. 
The test booklets were randomly administered to the participants. Each test-taker 
was provided with earphones and a laptop or tablet computer with the two video 
vignettes included in his or her test booklet. It was possible to pause the videos or 
watch them again. Thus, each participant was enabled to analyse the six classroom 
situations according to his or her individual pace of work, which took around 60 to 
80 minutes. 
4.2 The sample 
The sample of the study consisted of N = 298 pre-service and in-service teachers 
comprising four different stages of teacher professionalisation: 
 n = 162 student teachers at the beginning of their professional education at 
university (66.9 % female; Mage = 21.6, SDage = 2.4; Msemester = 1.8, SDsemes-
ter = 1.4) 
 n = 84 pre-service teachers at the beginning of their 18-month induction 
phase at secondary schools (65.1 % female; Mage = 26.3, SDage = 3.6) 
4 Design, methods and sample 65 
 
 n = 30 pre-service teachers at the end of their 18-month induction phase at 
secondary schools (60.0 % female; Mage = 28.3, SDage = 3.9) 
 n = 22 in-service teachers (63.6 % female; Mage = 38.3, SDage = 9.6; expe-
rience in teaching mathematics in secondary schools between two and forty 
years, Mexp = 11.1; SDexp = 8.8) 
All student teachers were enrolled in courses for teaching mathematics at secondary 
school level and came from different Universities of Education in the State of Ba-
den-Wuerttemberg, Germany. They completed the test instrument described above 
during a course at their home university. The pre-service teachers completed the 
test instrument at the beginning of a seminar on mathematics education which was 
held weekly during their induction phase. The in-service teachers were contacted 
via e-mails to the headmasters of their schools. They completed the test instrument 
after classes at their schools in the presence of the author of this study. 
4.3 Data analysis 
In the following sections, the coding of the participants’ answers will be described 
in detail. In view of the research interest regarding the impact of different question 
formats on the participants’ analysis of the classroom situations, the answers to 
both, open-ended and closed-ended questions were coded dichotomously in order 
to enhance the comparability of the analysing results. Thereby, this study can also 
build on research by Dreher & Kuntze (e.g., 2015a) who chose a similar dichoto-
mous coding for the analysis of answers to open-ended questions. 
4.3.1 Coding of the answers to the open-ended questions  
The answers to the open-ended questions (cf. section 4.1.6) were coded by two in-
dependent raters reaching a good inter-rater reliability with κ ≥ 0.86 (Cohen’s 
kappa). The coding resulted in a maximum score of six points in order to make it 
comparable to the coding of the rating-scale items (cf. section 4.3.2). The top-down 
coding scheme was derived from the theoretical framework related to the use of 
multiple representations as outlined above (see chapter 2). As the six classroom 
situations of the test instrument show unexplained and unconnected conversions, 
the answers were coded with respect to the participants’ corresponding analysis. An 
illustration of the coding and corresponding sample answers are shown below. All 
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examples refer to classroom situation number five which was described in detail in 
section 4.1.3. 
According to the theoretical framework of the study, code 1 was assigned to an-
swers indicating that a participant has identified the unconnected conversion intro-
duced by the teacher’s reaction to the students’ question and has interpreted it as 
potentially obstructing for the students’ understanding as the change of registers 
remains unconnected and unexplained (see Figure 14 and 15 for coding samples). 
Corresponding answers could also include positive aspects of the teacher’s reaction, 
such as a positive evaluation of the register of representation used for the explana-
tion or suggestions how the teacher could better support the students in making 
connections between the different representation registers (see Figure 16 for an ex-
ample).  
 
The (graphical) representa-
tion is somewhat confusing 
because the teacher comes 
up with 3 circles “as if by 
magic”. There is, however, 
no “3” in the task. He (the 
teacher) should also write 
down each step next to the 
(graphical) representation:  
𝟓
𝟓
 + 
𝟓
𝟓
+ 
𝟑
𝟓
 = 
𝟏𝟑
𝟓
 
Figure 14: Code 1: coding sample # 1 (student teacher A) 
Code 1 was assigned to the answer of student teacher A (Figure 14) for the follow-
ing reasons: The student teacher has identified the unconnected conversion intro-
duced by the teacher in the vignette (“teacher comes up with 3 circles as if by 
magic”; “there is however no 3 in the task”) and has interpreted it as potentially 
obstructing for the students’ understanding (“The (graphical) representation is 
somewhat confusing”). The alternative strategy suggested by the student teacher 
(“write down each step next to the (graphical) representation) shows that an im-
proved connection between two registers of representations (graphical and opera-
tion in the fraction register) has been regarded as necessary to support the students’ 
understanding in the classroom situation.  
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The division of the “pizza” 
into 5 pieces is not ex-
plained. 
The (graphical) representa-
tion makes it more compli-
cated, because the “pizza 
representation” causes         
additional difficulties 
 Why 5 slices?                               
 How can I write the third 
pizza as a fraction? 
Figure 15: Code 1: coding sample # 2 (pre-service teacher A) 
The analysing result of pre-service teacher A (Figure 15) was also assigned code 1: 
The unconnected conversion introduced by the teacher in the vignette has been 
identified (“the pizza representation causes additional difficulties”; “Why five 
slices?”) and has been interpreted as potentially problematic for the students’ un-
derstanding (“The (graphical) representation makes it more complicated”). Pre-ser-
vice teacher A also mentions the problem of changing from the pizza register back 
to the fraction register once a solution has been found (“How can I write the third 
pizza as a fraction?”) and has thus identified another unconnected conversion that 
could be problematic for the students’ understanding and problem-solving.  
 
The (graphical) representa-
tion is perfect. However, the 
teacher should have ex-
plained better why, for            
example, the pizzas are  
subdivided into five pieces 
and how many pieces there 
are altogether. The connec-
tion to the calculation must 
follow:                                     
 Why divide by 5?                   
 What do we find out by   
doing so?                                     
 What does the fraction   
tell us? (one whole pizza 
consists of 5 pieces, etc.) 
Figure 16: Code 1: coding sample # 3 (student teacher B) 
Code 1 was also given for the answer of student teacher B (Figure 16): The pizza 
representation is evaluated as positive in a first step of analysis (“The (graphical) 
representation is perfect”). However, the unconnected conversion has still been 
identified and has been interpreted as insufficiently explained to the students (“The 
teacher should have explained better why…”). It is explicitly mentioned that the 
pizza representation has to be better connected to the register the students have been 
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using at the beginning of the classroom situation (“The connection to the calculation 
must follow”). The suggested strategy contains questions that could help students 
to better connect the two different registers of representations (pizza and calcula-
tion) by actively relating meaningful constituents to each other: “What does the 
fraction tell us? One whole (pizza) consists of five pieces”.  
Code 0 was assigned to answers indicating that a participant has only concentrated 
on the representation used by the teacher without referring to the students’ repre-
sentation (see Figure 17) or that a participant has identified the conversion without 
mentioning that the unexplained change of representations might be problematic 
for the students’ understanding (see Figures 18 - 20). Code 0 was also assigned to 
evaluations of the teacher’s reaction that did not show any argumentation related to 
the use of multiple representations (see Figure 21).  
 
Well explained with an “every-
day example”. Easy to under-
stand for students, because 
they know it from their every-
day life and can easily imagine 
the situation. 
Figure 17: Code 0: coding sample # 4 (student teacher C) 
Code 0 was applied to the analysing result of student teacher C (Figure 17) for the 
following reasons: The student teacher gives a positive evaluation of the teachers’ 
explanation based on the idea that the explanation was related to the students’ eve-
ryday life (“Well explained with an everyday example”). However, the student 
teacher’s answer does not indicate any reference to multiple representations and the 
unconnected conversion introduced by the teacher in the vignette has not been iden-
tified.  
Figure 18: Code 0: coding sample # 5 (student teacher D) 
Code 0 was also assigned to the answer of student teacher D (Figure 18): Although 
the student teacher refers to pizzas as representations of fractions, the representation 
used by the teacher is not analysed in relation to the representation the students have 
 
I think the teacher’s representa-
tion is good. Pizzas can help 
students to get a clear idea of 
fractions. The drawings are 
close to everyday life and not 
too abstract.    
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been working with. Consequently, the unconnected conversion has not been not 
identified in this sample answer. The focus is on the more general idea that pizzas 
are helpful representations for learning fractions (“Pizzas can help students to get a 
clear idea of fractions”) and there is no indication of a situation-specific analysis 
regarding the change of representations.   
 
Figure 19: Code 0: coding sample # 6 (student teacher E) 
Code 0 was assigned to the answer of student teacher E (Figure 19) for the following 
reasons: The pizza representation is positively evaluated (“This representation is 
ideal”). The reason given for this evaluation is that the change of representations 
will help students to find an answer more easily (“The students can count the slices 
at the end and will get the solution”). The conversion from the calculation to the 
(graphical) representation is identified and explicitly mentioned, however, it is in-
terpreted as unproblematic for students’ understanding (“The shift from the calcu-
lation to the (graphical) representation is also clear”). Accordingly, the student 
teacher’s analysing result does not indicate that the identified conversion has been 
interpreted as potentially obstructing for students’ understanding.  
Figure 20: Code 0: coding sample # 7 (in-service teacher A) 
Code 0 was also assigned to the analysing result of in-service teacher A (Figure 20): 
The support provided by the teacher in the vignette is evaluated as positive and 
helpful (“pizza is a very good support”). The in-service teacher’s own experience 
 
This representation is ideal. The 
students can count the slices at 
the end and will get the solution. 
The shift from the calculation to 
the (graphical) representation is 
also clear. The students don’t 
have to think long about what 
goes where or what should be 
divided how. 
 
“pizza” is a very good support 
(own experience)                                         
 motivating for students 
a graphical representation of the 
pizza slices is very helpful 
I find the teacher’s support very 
good. 
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that working with pizza representations can enhance students’ motivation is pro-
vided as a reason for this evaluation. However, there is no situation-specific analy-
sis of the classroom situation related to the unconnected conversion introduced by 
the teacher in the classroom vignette. 
Figure 21: Code 0: coding sample # 8 (in-service teacher B) 
Code 0 was also assigned to the answer of in-service teacher B (Figure 21): Alt-
hough there was a rejecting evaluation of the teacher’s explanation in the shown 
classroom situation, there is no argumentation which indicates that this evaluation 
refers to the use of multiple representations.  
  
4.3.2 Coding of the answers to the closed-ended questions  
The coding of the answers to the rating-scale items (see section 4.1.6 for sample 
items) was also derived from the theoretical framework on the use of multiple rep-
resentations as outlined above (see chapter 2): Disagreement with a provided state-
ment (scoring 1, 2 or 3 on the Likert scale) was regarded as an indicator for a critical 
or rejecting evaluation of the teacher’s reaction to the students’ question and led to 
the assignment of code 1. Code 0 was given in the case of agreement with a pro-
vided statement (scoring 4, 5 or 6 on the Likert scale) as it was seen as indicator for 
an approving evaluation of the teacher’s reaction in the corresponding classroom 
situation.  
In view of the research interest regarding the impact of different question formats 
on the participants’ analysis of the classroom situations, it was of particular im-
portance to reach comparability with the dichotomous coding of the answers to the 
open-ended questions (see section 4.3.1). Within each vignette, the results for the 
rating-scale items were consequently aggregated into a dichotomous code. Code 1 
was assigned to the analysis of a classroom situation if the answers to the four rat-
ing-scale items indicated only negative evaluations of the teachers’ reaction or both, 
rejecting and approving evaluations. Code 0 was distributed if all answers to the 
 
Explanation not really useful! 
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four related rating-scale items showed approval of the teachers’ reaction in the cor-
responding classroom situation. This dichotomous coding reflects the coding pro-
cedure for the open-ended format and the comparability between open-ended and 
closed-ended items could thus be enhanced. As in the case of the coding described 
for the answers to the open-ended questions, the dichotomous coding for the rating-
scale items described above resulted in a maximum score of six points. 
 
4.3.3 Software-based data analysis  
In this study, the data was analysed using the software SPSS Statistics 23 and the 
item response modeling software ConQuest 2.0 (Wu et al., 2007). When analyses 
of variance (ANOVAs) were conducted, the effect sizes were computed in omega 
squared (ω2). This measure is described as less liable to bias than, for example, 
Pearson’s correlation coefficient r and is therefore regarded to be more accurate in 
the case of ANOVAs (Field, 2013). Values of .01, .06 and .14 represent the bench-
marks for small, medium and large effects, respectively (Field, 2013, p. 474). Alt-
hough it is generally conservative, Bonferroni was used as procedure in post hoc 
tests for multiple comparisons since it provides the best control over type I error 
rates (Field, 2013). As recommended by Field (2013, p. 459), the Games-Howell 
procedure was always run in addition to Bonferroni in case population variances 
differ and also to account for the unequal group sizes of the subsamples in the study.      
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5 Results 
In the following sections, the results of this study will be presented in the order of 
the research questions described in chapter 3.  
5.1 The participants’ engagement with the classroom vignettes 
With regard to research question one, the participants’ evaluations regarding their 
engagement with the vignettes were explored in a first step of analysis. Mean values 
between 4.1 (SD = 1.29, resonance to video vignettes) and 4.9 (SD = 0.86, authen-
ticity of text vignettes) indicate on average positive ratings with respect to the au-
thenticity of the vignettes and the participants’ perceived immersion, motivation 
and resonance while dealing with the classroom situations (Figure 22). 
 
Figure 22: Participants’ evaluations regarding their perceived engagement with the vi-
gnettes (means and standard errors, 1 = I strongly disagree. / 6 = I strongly agree.) 
In order to investigate the possible role of the vignette format for the participants’ 
perceived engagement (research question two), an analysis of variance (ANOVA) 
was conducted. It revealed a small but significant effect of the vignette format on 
the perceived authenticity (F (2, 878) = 15.22, p < .001, ω2 = .03), indicating that 
video-based vignettes were on average rated as less authentic than texts and comic-
based vignettes. No significant differences were found between the ratings of texts, 
comics and videos with respect to the participants’ perceived immersion, motiva-
tion and resonance (see Figure 22).  
In a next step of analysis, the participants’ different levels of professionalisation 
were additionally taken into account. The conducted analysis of variance (ANOVA) 
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showed a small but significant main effect of the level of professionalisation on the 
perceived authenticity of the classroom vignettes (F (3, 869) = 6.28, p < .001, ω2 = 
.02). Bonferroni post hoc tests revealed that in-service teachers perceived the class-
room vignettes significantly more authentic than student teachers (p < .001) and 
pre-service teachers at the beginning of their induction phase (p < .05). The per-
ceived authenticity increased thus with the level of professionalisation. Figure 23 
shows that the positive but lower ratings regarding the authenticity of video vi-
gnettes do not apply to in-service teachers who rated video-based vignettes as most 
authentic. With respect to the perceived authenticity, no significant interaction be-
tween the participants’ level of professionalisation and the vignette format could be 
found. 
 
Figure 23: Perceived authenticity of the classroom vignettes (mean values, 1 = I strongly 
disagree. / 6 = I strongly agree.)                                          
Data analysis with respect to immersion revealed no significant effect of the vi-
gnette format on how much the participants’ felt part of the presented classroom 
situation. There was, however, a small but significant main effect of the level of 
professionalisation on the participants’ perceived immersion (F (3, 871) = 4.33, p 
< .01, ω2 = .01). Bonferroni post hoc tests showed that the in-service teachers per-
ceived their immersion into the classroom situations significantly higher than the 
student teachers and pre-service teachers at the beginning of their induction phase 
at school (both ps < .05). The perceived immersion increased thus with the level of 
professionalisation (see Figure 24). Pre-service teachers felt most immersed when 
dealing with texts, while in-service teachers felt more part of a classroom situation 
when dealing with video-based vignettes.   
5 Results 74 
 
 
Figure 24: Participants’ perceived immersion when dealing with the classroom vignettes 
(mean values, 1 = I strongly disagree. / 6 = I strongly agree.) 
Comparable results were found regarding the perceived resonance: While the vi-
gnette format did not significantly affect the participants’ connections to their own 
teaching experience, a small but significant main effect could be found in the case 
of the participants’ level of professionalisation (F (3, 868) = 7.46, p < .001, ω2 = 
.02). Bonferroni post hoc tests revealed that the in-service teachers perceived the 
resonance to own teaching experiences significantly higher than the student teach-
ers and pre-service teachers at the beginning of their induction phase (both ps < 
.001). The perceived resonance increased thus with the level of professionalisation 
(see Figure 25). While student teachers and pre-service teachers could best connect 
to own teaching experiences when dealing with comics or texts, in-service teachers 
perceived highest resonance when dealing with video vignettes.  
 
Figure 25: Participants’ perceived resonance when dealing with the classroom vignettes 
(mean values, 1 = I strongly disagree. / 6 = I strongly agree.) 
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With respect to motivation, neither the level of professionalisation nor the vignette 
format showed a significant effect on how motivated the participants felt when deal-
ing with the classroom vignettes. While student teachers and pre-service teachers 
felt least motivated when dealing with video vignettes, in-service teachers rated 
video as the most motivating vignette format (see Figure 26).  
 
Figure 26: Participants’ perceived motivation when dealing with the classroom vignettes 
(mean values, 1 = I strongly disagree. / 6 = I strongly agree.) 
5.2 The competence of analysing as unidimensional construct 
Measuring teachers’ analysing regarding the use of multiple representations in the 
framework of competence assessment requires investigating whether the theoretical 
conceptualisation as a competence construct holds up empirically. In this context, 
the principle of unidimensionality states that the different items of an assessment 
should reflect one and the same underlying competence dimension (e.g., Segars, 
1997; Blömeke, Gustafsson & Shavelson, 2015). Therefore, it has to be examined 
whether each item of the vignette-based test contributes in a meaningful way to the 
competence of analysing being investigated, thus forming a unidimensional con-
struct. Since the Rasch model is based on the assumption that useful measurement 
involves the examination of only one human attribute at a time, it provides a math-
ematical framework against which data can be compared with respect to unidimen-
sionality (Bond & Fox, 2015). For this purpose, residual-based fit statistics can be 
used to determine how well each item fits within the underlying test construct and 
whether the requirement for unidimensionality holds up empirically. The residuals 
represent the differences between the Rasch model’s theoretical expectation of item 
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performance and the performance actually encountered for that item in the data ma-
trix (Bond & Fox, 2015). The usually reported fit statistics focus on two aspects of 
fit (infit and outfit), each of which is routinely described in both an unstandardised 
form (mean squares, indicating ‘how much misfit’) and a standardised form (t∞ or 
Z, indicating how likely the misfit is). The unstandardised form is the average value 
of the squared residuals for any item, its expected value is 1. In the standardised 
version of the fit statistics, the mean square value is transformed to produce a sta-
tistic with a distribution just like t or Z, its expected value is 0. According to Bond 
& Fox (2015, p. 270), mean squares between 0.75 and 1.3 and t-values between -
2.0 and +2.0 indicate a sufficient compatibility with the Rasch model and its re-
quirement for unidimensionality.       
Addressing the fourth research question, a Rasch model was accordingly applied to 
the data in order to investigate if the items of the vignette-based test reflect one and 
the same underlying competence dimension. Taking into account that each of the 
six classroom situations was responded to in three different vignette formats (text, 
comic, video) and two different question formats (open-ended and closed-ended), 
the analysis of item fit was conducted for those 36 items (6 vignettes x 3 vignette 
formats x 2 response formats). This first analysis of the data revealed good fit values 
for all 36 items (see Table 4), indicating that each item contributes in a meaningful 
way to the competence of analysing being investigated and that the requirement for 
unidimensionality holds up empirically.  
Rasch item fit statistics mean square values t - values 
outfit                                  
(unweighted fit statistics) 
0.86 ≤ MNSQ ≤ 1.16 - 0.8 ≤ t ≤ 0.9 
infit 
(weighted fit statistics) 
0.93 ≤ wMNSQ ≤ 1.09 - 0.7 ≤ t ≤ 0.9 
Table 4: Item fit statistics for the Rasch analysis with 36 items 
5.3 The participants’ analysing of the classroom vignettes 
In order to address research question four, the participants’ answers were explored 
with respect to the frequency of the distributed codes for their analysing results 
(0/1). The findings show that code 0 was applied more frequently than code 1, in-
dicating that in most of the classroom situations the participants were not able to 
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identify and interpret the unconnected conversions as potentially obstructing for the 
students’ understanding (Figure 27).  
 
Figure 27: The participants’ analysing of the classroom situations (distribution of codes) 
A comparison of the answers to the open-ended and closed-ended questions re-
vealed that more correct analysing results were obtained in the case of the closed-
ended format (37.5 %) in contrast to the open-ended format (29.6 %).  
Regarding research question five, the participants’ different levels of professional-
isation were additionally taken into account. The results indicate that the pre-service 
teachers as well as the in-service teachers reached on average higher scores than the 
student teachers (see Figure 28). This effect was small but significant between stu-
dent teachers and pre-service teachers at the beginning of their induction phase with 
respect to both, the open-ended (F (3, 288) = 6.31, p < .001, ω2 = .05) and closed-
ended questions (F (3, 294) = 2.20, p < .05, ω2 = .02). Again, a systematic difference 
between the analysing results of the two question formats could be observed with 
regard to all four levels of professionalisation: More correct analysing results were 
obtained in the case of responses to the closed-ended questions (see Figure 28).  
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Figure 28: Analysing results regarding different levels of professionalisation                             
(mean values and standard errors; maximum score = 6.0) 
5.4 The role of the vignette format and the question format for the  
participants’ analysing 
In the following, Rasch models will be conducted to analyse the data. Therefore, 
the term ability is used to describe person abilities as estimated in Rasch models 
(Bond & Fox, 2015).  
Specific item characteristics, such as the vignette format (text, comic, video) or the 
question format (open-ended, closed-ended) can play a role for the solution of an 
item as they can increase or decrease the demands that are required in order to solve 
it (Hartig, 2008). For this reason, the role of specific item characteristics should be 
taken into account when test scores are computed. IRT (item response theory) mod-
els are supposed to be highly applicable in this context, since they account for both, 
the ability of the test-takers as well as specific situational demands caused by item 
characteristics (Hartig et al., 2012; Blömeke, Gustafsson & Shavelson, 2015). The 
unique strength of the Rasch model, a one-parameter IRT model, can be seen in its 
requirement that the outcome of any interaction between person and item can be 
determined by the ability of the person and the difficulty of the item (Bond & Fox, 
2015). Both, item difficulty and person ability are estimated in relation to each other 
on a common logit scale. The difficulty of an item is calculated from the total num-
ber of persons who succeeded on it, while the person ability is calculated from the 
total number of items to which the person responded successfully. From the differ-
ence between a person’s ability and an item’s difficulty, the probability of success 
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can be computed (Rasch, 1960; Bond & Fox, 2015). While other IRT models are 
exploratory models requiring that the model fit the data in order to account for as 
much variance in the data set as possible, the Rasch model is a confirmatory model 
and requires that the data fit the model (Bond & Fox, 2015). Against that frame-
work, the data of an empirical study can be tested for the presence of disturbances 
that may influence the estimation of item or person parameters. The Rasch model 
is consequently particularly useful to investigate possible relations between the par-
ticipants’ analysing on the one side and the vignette format and question format on 
the other side (research questions six and seven).  
Following the argumentation above, a Rasch model with 18 items was applied to 
the data in a further step of analysis (6 vignettes x 3 vignette formats). As the find-
ings reported above indicate a possible effect of the question format on the partici-
pants’ analysing, the data set related to the open-ended questions was analysed sep-
arately from the data set containing the answers to the closed-ended questions. First, 
the Rasch analysis and results with regard to the open-ended questions will be re-
ported.  
The Rasch analysis for the open-ended questions revealed good infit and outfit val-
ues for all 18 items, indicating that they sufficiently fit the Rasch model (0.98 ≤ 
wMNSQ ≤ 1.07, -0.4 ≤ t ≤ 0.5; 0.94 ≤ MNSQ ≤ 1.23, -0.3 ≤ t ≤ 1.2). Since the 
participants responded to each vignette either in the format text, comic or video, 
two thirds of the response data is missing by design. According to Mislevy (2016), 
missing responses by design can be ignored in item response theory (IRT) under 
the condition of random assignment in multi-matrix designs, which is fulfilled by 
the design of this study (see section 4.1.5 and 4.1.8). However, as most traditional 
item statistics are only meaningful for complete designs, reliability indices (e.g., 
Cronbach’s alpha) are not computed in ConQuest when more than 10 % of the re-
sponse data is missing (Wu et al., 2007) and can consequently not be reported here. 
The EAP/PV reliability provided by ConQuest can be obtained by dividing the var-
iance of the individual expected a posteriori ability estimates by the estimated total 
variance of the latent ability (Wu et al., 2007). It appeared to be rather low (0.266), 
which might be due to the amount of missing data by design, but could also be 
caused by the relatively small number of test items (Bond & Fox, 2015). Another 
reason might be that answering the open-ended questions of the vignette-based test 
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was quite difficult for the participants of the study, as has already been reported in 
the distribution of codes for the analysis of the classroom situations (see section 5.3 
and Figure 27 above). This can also be seen in the Wright map (Figure 29), a graph-
ical representation of the estimated person and item parameters. The logit scale, 
which is the measurement unit common to both person ability and item difficulty, 
is displayed on the left of the map (Bond & Fox, 2015). In Figure 29, each X rep-
resents 0.4 cases, the number of the items are displayed on the right side of the map. 
Each item and person is located along the common logit scale according to its esti-
mated value. Persons with more positive values are more able and items with more 
positive values are more difficult. Person locations are plotted so that a person has 
a 50 % probability of succeeding on an item at the same location. 
 
Figure 29: Wright map (for open-ended items), each X represents 0.4 cases, 1-6 ≙ text 
vignettes; 2-12 ≙ comic vignettes; 13-18 ≙ video vignettes 
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The Wright map in Figure 29 indicates that the item distribution is top heavy com-
pared to the person distribution and that low-performers are not well targeted by the 
open-ended items. The items at the top of the map were thus too difficult for most 
of the participants (e.g., item 5, which represents the sample vignette described in 
detail in chapter 4.1.3). Many participants could not even succeed on the easiest 
items at the bottom of the map, such as items 1 and 15. 
The computed item difficulties allow, however, to answer research question six, 
addressing possible effects of the vignette format on the participants’ analysis of 
the classroom situations. Figure 30 shows the mean values of the item difficulties 
computed in the Rasch analysis described above.  
 
Figure 30: Item difficulties (in logits; mean values and standard errors); T ≙ text, C ≙ 
comic, V ≙ video; 1 - 6 ≙ number of classroom situation 
The findings show that with respect to their empirical difficulty, the 18 open-ended 
items can be grouped by the classroom situations they represent, rather than by the 
different vignette formats. Low item difficulties for classroom situations 1, 3 and 4 
indicate that they were more often successfully analysed regarding the use of mul-
tiple representations and therefore ‘easier’ than classroom situations 5, 2 and 6.  
Since the logit scale is an interval-level measurement scale in which all logit units 
are of the same size, person and item parameters estimated by the Rasch model can 
be considered as interval measures (Bond & Fox, 2015). Consequently, an analysis 
of variance (ANOVA) could be conducted to further investigate if the different vi-
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gnette formats (text, comic, video) impact on the difficulties of the items. The re-
sults of the ANOVA showed no significant effect of the vignette format on the item 
difficulties (F (2, 15) = 0.16, p > .05, ω2 = .01), indicating that the participants’ 
analysing regarding the use of multiple representations was not systematically in-
fluenced by the vignette format a classroom situation was presented in. 
There is, however, a large and highly significant effect regarding the content of the 
classroom situations on the item difficulties (F (5, 12) = 20.48, p < .001, ω2 = .87). 
Bonferroni post hoc tests show, for example, that classroom situations 1 and 3 have 
significantly lower item difficulties than classroom situations 5, 2 and 6 (all ps < 
.01). Classroom situations 5 and 6 show the highest item difficulties, indicating that 
most participants failed to analyse these situation successfully with respect to the 
use of multiple representations (see Figure 30).  
In a next step, the Rasch analysis and findings with regard to the closed-ended ques-
tions will be reported. Comparable to the Rasch analysis for the answers to the 
open-ended questions, the analysis for the answers to the closed-ended questions 
revealed good infit and outfit values for all 18 items (0.93 ≤ wMNSQ ≤ 1.12, -0.7 ≤ 
t ≤ 0.9; 0.81 ≤ MNSQ ≤ 1.24, -1.1 ≤ t ≤ 1.3). The EAP/PV reliability provided by 
ConQuest (0.402) was slightly higher than the reliability obtained for the answers 
to the open-ended questions. This could be due to the fact that the closed-ended 
questions were easier to answer for the participants of the study, as has already been 
indicated by the results reported above. Accordingly, the graphical representation 
of person abilities and item difficulties in the corresponding Wright map (see Figure 
31) shows that the item distribution is more balanced compared to the person dis-
tribution and that low performers are consequently better targeted by the closed-
ended items.  
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Figure 31: Wright map (for closed-ended items), each X represents 0.5 cases, 1-6 ≙ text 
vignettes; 2-12 ≙ comic vignettes; 13-18 ≙ video vignettes 
Compared to the Wright map for the open-ended items (Figure 30), the most diffi-
cult items (item 6 and 11) lie now within the range of the person abilities and there 
are less participants who were not able to succeed on the easiest item (item 1).  
Figure 32 shows the item difficulties computed in the Rasch analysis described 
above. Comparable to the findings for the open-ended questions, the items can be 
grouped by classroom situations and situations 1, 3 and 4 reveal lower item diffi-
culties than situations 2, 6 and 5, respectively. With respect to research question 
six, an analysis of variance (ANOVA) was conducted to investigate the possible 
effects of the different vignette formats (text, comic, video) on the empirical item 
difficulties in the case of the closed-ended question format.  
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Figure 32: Item difficulties (in logits; mean values and standard errors); T ≙ text,            
C ≙ comic, V ≙ video; 1 - 6 ≙ number of classroom situation 
The corresponding results of the ANOVA revealed no significant main effect (F (2, 
15) = 0.32, p > .05, ω2 = .01), indicating that the participants’ analysis of the class-
room situations was not systematically influenced by the format in which they were 
presented. Again there was, however, a large and highly significant effect regarding 
the content of the classroom situations on the item difficulties (F (5, 12) = 19.09, p 
< .001, ω2 = .86). Comparable to the findings for the open-ended formats, Bonfer-
roni post hoc tests show that classroom situations 1 and 3 have significantly lower 
item difficulties than classroom situations 5 and 6 (all ps < .05). Again, classroom 
situations 5 and 6 show the highest item difficulties, indicating that most partici-
pants failed to analyse these situation successfully with respect to the use of multi-
ple representations (see Figure 32).  
The next step of data analysis addresses research question seven. The results re-
ported above have repeatedly given rise to the assumption that the question format 
(open-ended, closed-ended) has an effect on the participants’ analysis. In a first 
approach towards this research interest, a Rasch analysis with 36 items was con-
ducted (6 vignettes x 3 vignette formats x 2 question formats) in order to allow the 
comparability of all item difficulties. Again, traditional item statistics were not 
computed by ConQuest due to the amount of response data missing by design. The 
EAP/PV reliability is slightly higher (0.465) than the reliability in the case of the 
closed-ended question format. The findings for the item difficulties reveal that each 
of the 36 items has a higher item difficulty in the open-ended question format (see 
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Figure 33). The differences between closed-ended items and corresponding open-
ended items range between 0.16 logits (for comic vignette 5) and 1.87 logits (for 
video vignette 2). An analysis of variance (ANOVA) showed that the question for-
mat had a large significant effect on the item difficulties (F (1, 34) = 8.79, p < .01, 
ω2 = .16), indicating that the open-ended questions (M = 1.12, SD = 0.80) were on 
average more difficult to analyse than the closed-ended questions (M = 0.26, SD = 
0.92). The item difficulties of the open-ended and closed-ended items are, however, 
highly related to each other (r = .926, p = .000), as can also be seen in Figure 33.  
 
Figure 33: Item difficulties (in logits; mean values and standard errors); T ≙ text,             
C ≙ comic, V ≙video; 1 - 6 ≙ number of classroom situation 
The common Rasch-based estimation of all 36 items, as conducted above, provides 
the opportunity to examine the association between empirical item difficulties and 
item characteristics (content, vignette format, question format) in one analysis. For 
this purpose, it has to be taken into account that the item difficulties are interval 
measures, while the number of classroom vignettes (1-6), vignette format (text, 
comic, video) and question format (open-ended, closed-ended) are variables on a 
categorical level of measurement. Consequently, η (eta) has to be used as a measure 
of association. Eta can be computed in SPSS and its values range from 0 to 1, with 
0 indicating no association between the variables and values close to 1 indicating a 
high degree of association. The eta values displayed in Table 5 show the association 
between the item difficulties as dependent variable and the item characteristics as 
independent variables and confirm the findings reported above: The highest degree 
of association is revealed between the item difficulties and the classroom situations 
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that were analysed (η = .83). Whereas also the question format (open vs. closed) 
appears to influence the situational demands in the vignette-based test to a large 
extent (η = .45), the association between item difficulties and vignette format (text, 
comic, video) is comparatively low (η = .15).  
 classroom situation 
(1 - 6) 
question format 
(open, closed) 
vignette format 
(text, comic, video) 
item difficulties η = .83 η = .45 η = .15 
Table 5: Association (eta values) between item difficulties and item characteristics 
The next step of analysis involved the specification of a Rasch model that accounts 
for these associations in order to obtain a final estimation of the person abilities 
regarding the competence of analysing under investigation. According to the large 
significant effect regarding the content of the classroom situations on the item dif-
ficulties and the fact, that the vignette format did not play a systematic role for the 
participants’ analysis, the six classroom situations were taken as one item each, 
regardless if they were responded to in the format text, comic or video. In order to 
take into account the large significant effect of the question format on the item dif-
ficulties, the answers to each of the six vignettes were included in both, open-ended 
and closed-ended question format. Therefore, the described Rasch model includes 
12 items (6 classroom situations x 2 question formats) in this analysis.  
The existence of both open-ended and closed-ended items in the model should how-
ever be examined more closely. First, items sharing the same classroom situation 
as common stimulus are supposed to have higher dependencies amongst each other 
(Hartig & Höhler, 2009) which could potentially lead to a biased model estimation. 
Second, the different demands involved in answering open-ended and closed-ended 
questions could not only lead to significant differences in item difficulties, but could 
also cause items to measure different latent traits (Rauch & Hartig, 2010; Hohen-
sinn & Kubinger, 2011). To control for such unintended multidimensionality, a 
Rasch model with one competence dimension as described above is compared to a 
Rasch model that groups the different question formats as subdimensions of the 
competence under investigation (cf. Hartig & Höhler, 2009). Figure 34 shows a 
schematic illustration of both models.  
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Figure 34: Schematic illustration of the two models: unidimensional model (left side) and 
model with two subdimensions (right side); V1-V6 ≙ classroom situations 
As the models are nested, they can be compared with respect to their deviance, a 
statistic that indicates how well a model fits the data in comparison to another model 
(Wu et al., 2007). The model with two subdimensions has a slightly lower deviance 
than the model with one dimension (see Table 6). Comparing the value of this dif-
ference (4.49) to a chi-square distribution with 2 degrees of freedom reveals that 
there is no significant difference between the two models (p > .05). 
 model with one dimension model with subdimensions 
deviance 4014.85 4010.36 
# of estimated pa-
rameters 
13 15 
infit 
0.98 ≤ wMNSQ ≤ 1.04 
-0.5 ≤ t ≤ 1.0 
0.98 ≤ wMNSQ ≤ 1.03 
-0.6 ≤ t ≤ 0.5 
outfit 
0.97 ≤ MNSQ ≤ 1.04 
-0.4 ≤ t ≤ 0.5 
0.96 ≤ MNSQ ≤ 1.05 
-0.4 ≤ t ≤ 0.6 
EAP/PV reliability 0.465 
open-ended items: 0.384  
closed-ended items: 0.455 
Table 6: Comparison of models: model estimation statistics 
Hence, it can be concluded that although the question format has a substantial in-
fluence on the difficulty of the items, open-ended and closed-ended items do still 
measure the same underlying competence construct. This is also supported by the 
item fit statistics of the unidimensional model that showed a good compatibility 
with the Rasch model (see Table 6), indicating that all 12 items contribute in a 
meaningful way to the competence construct being investigated. Since the findings 
for the model with subdimensions reveal also a high latent correlation between the 
two subdimensions for open-ended and closed-ended items (r = 0.701), the model 
with one competence dimension can be chosen as the preferred model. 
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After the stepwise analysis of the data set with respect to its compatibility to the 
Rasch model, the estimated person abilities will be reported. They are derived from 
the Rasch model with 12 items described above (see Figure 34 and Table 6 on the 
left side, respectively) and are calculated on the base of both open-ended and 
closed-ended items. The findings for the person parameters reveal that pre-service 
teachers and in-service teachers performed better on the test than student teachers 
(see Figure 35).  
Lowest parameter values were found for student teachers (M = - 0.19, SD = 0.92) 
and highest parameter values for pre-service teachers at the beginning of their in-
duction phase at school (M = 0.29, SD = 0.87). An analysis of variance (ANOVA) 
showed that there was a small but significant main effect of the participants’ pro-
fessionalisation level on the obtained person parameters (F (3, 294) = 5.37, p < .01, 
ω2 = .05). Post hoc tests revealed that both groups of pre-service teachers performed 
significantly better on the test than student teachers (p < .01 or p < .05). Figure 35 
shows also that the in-service teachers were less successful in analysing the class-
room situations regarding the use of multiple representations than the pre-service 
teachers. This difference was, however, not significant.  
 
 
Figure 35: Rasch person parameters (mean values and standard errors in logits) grouped 
by the participants’ different levels of professionalisation 
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6 Discussion and conclusions 
The aim of this study is to conceptualise and assess teachers’ competence of ana-
lysing the use of multiple representations in mathematics classroom situations. With 
this objective, a vignette-based test instrument was developed and it was investi-
gated how different vignette formats (text, comic, video) and different question for-
mats (open-ended, closed-ended) are related to teachers’ analysing regarding the 
use of multiple representations. Rasch models were used to control for the quality 
of the competence measures. 
In the following, the findings of this study will be interpreted and discussed with 
respect to the research questions. After considering limitations, conclusions regard-
ing the theoretical and empirical contributions of this study will be drawn and im-
plications for further research will be provided.  
6.1 The participants’ engagement with the classroom vignettes 
The first and second research questions aimed at gaining insight into the partici-
pants’ engagement with the classroom vignettes and how the different vignette for-
mats (text, comic, video) are related to it. The participants’ engagement with the 
vignettes in the test instrument was investigated with regard to the authenticity they 
attributed to the vignettes and considering the perceived immersion, motivation and 
resonance while dealing with the classroom situations. Positive mean values indi-
cated that the participants were on average sufficiently engaged with the vignettes 
implemented in the test instrument. It can thus be concluded that the vignettes did 
not contain any characteristics impeding the participants’ immersion, motivation 
and resonance or the perceived authenticity.  
The format of the vignettes (text, comic, video) was on average not systematically 
related to the participants’ immersion, motivation and resonance they perceived 
while dealing with the vignettes. However, the authenticity of the video vignettes 
was, although positive, on average rated significantly lower than the authenticity of 
the other vignette formats. This might be due to specific characteristics of the video 
vignettes: The high individuality in the videos might, for example, decrease the 
perceived authenticity when the classroom surroundings differ widely from those 
familiar to a participant. Taking into account the participants’ different levels of 
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professionalisation revealed a more differentiated picture of the findings: The per-
ceived authenticity increased with the level of professionalisation and the in-service 
teachers rated the video vignettes as most authentic. Comparable results were found 
in the case of the participants’ immersion: The immersion showed no systematic 
association with the vignette format (text, comic, video) but it increased with the 
participants’ level of professionalisation. Accordingly, experienced practitioners 
felt most part of the classroom situations when dealing with the classroom vignettes. 
The level of professionalisation was also positively related to the participants’ res-
onance, indicating that in-service teachers and pre-service teachers after their in-
duction phase at schools could best connect to own classroom experience. The eval-
uations of the perceived motivation were positive throughout the different vignette 
formats and there were also no significant differences related to the participants’ 
level of professionalisation.  
With regard to the first and second research questions of this study, it can be sum-
marised that the participants were on average sufficiently engaged with the vi-
gnettes of the test instrument. This contributes to the validity of the test instrument 
and can be considered as an important prerequisite for the quality of the measures.   
The format of the vignettes (text, comic, video) was not systematically related to 
the participants’ immersion, motivation and resonance. The video vignettes were 
on average rated positive, but less authentic than comic and text vignettes. Based 
on these findings, it can be concluded that the texts, comics and video vignettes 
implemented in the test instrument of this study were comparably suitable to engage 
the participants in the classroom situations.  
As the ratings for the authenticity of the vignettes and the participants’ immersion 
and resonance increased with their level of professionalisation, teaching experience 
appears to play an important role for the teachers’ engagement with the classroom 
vignettes. However, since also the student teachers and the pre-service teachers at 
the beginning of their induction phase gave positive ratings regarding these aspects, 
it can be concluded that all levels of professionalisation can be sufficiently engaged 
in the analysis of classroom vignettes.  
These findings are not only in line with results reported by Seidel et al. (2011) and 
Herbst, Aaron and Erickson (2013), but can also add to them. Whereas Seidel et al. 
(2011) showed that video vignettes are particularly suitable to engage teachers into 
6 Discussion and conclusions 91 
 
classroom situations, Herbst, Aaron and Erickson (2013) reported that both, video 
and animations have proved to be comparably useful in this respect. The results of 
the study presented here can contribute to the field of vignette-based competence 
assessment by showing that vignettes in the format video, text and comic are com-
parably suitable to engage teachers in classroom situations and that all three formats 
can be used for teachers at different levels of professionalisation.  
6.2 The competence of analysing as unidimensional construct 
The third research question aimed at finding out whether the competence of analys-
ing regarding the use of multiple representations can be modelled as a unidimen-
sional construct. A corresponding Rasch analysis revealed that all 36 items of the 
test (6 vignettes x 3 vignette formats x 2 question formats) contributed in a mean-
ingful way to the underlying competence under investigation. The Rasch analysis 
can thus be seen as a control regarding the quality of the measures (Bond & Fox, 
2015). With respect to the third research question of this study, it can be concluded 
that the theoretical conceptualisation of the competence of analysing holds up em-
pirically: The competence of analysing under investigation, defined as teachers’ 
ability to connect classroom observations with relevant criterion knowledge re-
garding the use of multiple representations, so that unconnected conversions are 
identified and interpreted with respect to their role as potential learning obstacles 
(section 2.6), could be measured as a unidimensional construct by means of the six 
classroom vignettes implemented in the test instrument.  
6.3 The participants’ analysing of the classroom vignettes 
The fourth research question addressed the participants’ analysing of the classroom 
vignettes. Based on the competence definition provided in section 2.6, teachers’ 
competence of analysing the use of multiple representations can be inferred from 
an analysing result indicating that the unconnected conversion introduced by the 
teacher in the vignette has been identified and interpreted as potentially obstructing 
for students’ understanding. The findings show that the participants of the study 
had on average a relatively low competence of analysing, since in most of the class-
room situations they were not able to identify and interpret the unconnected con-
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versions as potentially obstructing for the students’ understanding. Taking into ac-
count the participants’ different levels of professionalisation revealed that pre-ser-
vice and in-service teachers reached on average higher test scores than student 
teachers. This is in line with findings by Dreher & Kuntze (2015a), who report on 
average low theme-specific noticing for the participants of their study but also that 
in-service teachers noticed the potentially obstructing conversions in the presented 
text vignettes more often than student teachers. Whereas Dreher & Kuntze (2015a) 
compared student teachers from different semesters to in-service teachers, the study 
presented here aimed at gaining insight into teachers’ competence of analysing on 
four different levels of professionalisation. The findings reveal that pre-service 
teachers at the beginning of their induction phase reached the highest test scores 
and have thus shown the highest competence of analysing regarding the use of mul-
tiple representations. This difference was significant in comparison to the test 
scores of the student teachers at the beginning of their university studies. Pre-ser-
vice teachers after their induction phase as well as in-service teachers reached com-
paratively lower scores. The differences were, however, not significant.   
With respect to research questions four and five, it can be summarised that the par-
ticipants of the study showed on average a low competence of analysing regarding 
the use of multiple representations. Since pre-service teachers at the beginning of 
their induction phase at schools showed significantly higher test scores than student 
teachers at the beginning of their university studies, it can be concluded that the 
competence of analysing can be successfully fostered in this phase of teacher edu-
cation. However, the fact that also the pre-service teachers’ test scores were com-
paratively low indicates a lack of specific university courses regarding teachers’ 
analysing of the use of multiple representations. Since the competence of analysing 
the use of multiple representations is regarded as an important prerequisite in order 
to master corresponding demands in the mathematics classroom, the comparatively 
low scores of in-service teachers and of pre-service teachers after their induction 
phase are particularly alarming. Although dealing with multiple representations is 
an essential part of their daily work in the mathematics classroom, they often failed 
to identify and interpret unconnected conversions as potentially obstructing for the 
students’ understanding in the vignette-based test. Given the high importance of 
multiple representations for the learning of mathematics, these findings call for 
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more specific teacher development programmes also during the induction phase and 
in the case of experienced practitioners.   
The design of this study made it possible to compare teachers’ analysing results not 
only with respect to their level of professionalisation but also regarding the way the 
analysing results were articulated in different question formats (open-ended, 
closed-ended). The findings reveal systematic differences in teachers’ analysing re-
lated to the question format: more correct analysing results were obtained in the 
case of the closed-ended format (37.5 %) in contrast to the open-ended format (29.6 
%). It can thus be concluded that the participants’ analysing regarding the use of 
multiple representations was not only related to their level of professional develop-
ment but also to the format, in which the analysing results were articulated. 
6.4 The role of the vignette format and the question format for the  
participants’ analysing 
Research questions six and seven aimed at investigating the role of the vignette 
format and the question format for the participants’ analysing regarding the use of 
multiple representations. In order to find answers to these questions, Rasch models 
were conducted to estimate the difficulties of the items in relation to the person 
abilities, meaning the empirically estimated competence scores.  
With respect to research question six, a comparison of the item difficulties did not 
reveal any significant differences between the difficulties of the items related to 
text, comic and video vignettes. The items could be grouped according to the six 
classroom situations rather than with regard to the three vignette formats. It can thus 
be concluded that the specific characteristics of the different vignette formats as 
described in section 4.1.4 were not systematically related to the participants’ ana-
lysing regarding the use of multiple representations. These findings are in line with 
results reported by Herbst, Kosko and Erickson (2013), showing that pre-service 
teachers’ analysing of a classroom situation was not related to the implemented 
vignette formats (video and animation). The findings of the study presented here 
can add to these results, as the multiple matrix design made it possible to compare 
six classroom situations in three vignette formats (text, comic, video). From the 
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findings it can be concluded that videos, texts and comic-based vignettes were com-
parably suitable to elicit teachers’ analysing regarding the use of multiple represen-
tations in mathematics classroom situations.   
Research question seven addressed the relation between the teachers’ analysing re-
garding the use of multiple representations and the question format in which the 
student teachers, pre-service and in-service teachers articulated their analysing re-
sults. The comparison of the empirical item difficulties revealed that the question 
format had a large and significant effect on the difficulties of the items: Each of the 
36 items (6 vignettes x 3 vignette formats x 2 question formats) had a higher diffi-
culty in the open-ended question format. The corresponding items in the two for-
mats were, however, highly related to each other. The computation of the associa-
tion between the item characteristics (content of the vignette, vignette format, ques-
tion format) and the participants’ analysing regarding the use of multiple represen-
tations indicated that the content of the classroom vignettes played the most im-
portant role for the difficulties of the items. The item difficulties were also strongly 
influenced by the question format, whereas the association between item difficulties 
and vignette format was comparatively low. 
Based on the findings above, a Rasch model was conducted, which accounted for 
the strong influence of the six classroom situations and considered both, open-
ended and closed-ended items as implemented in the vignette-based test instrument 
of this study. The mean values of the estimated person parameters (cf. Figure 35) 
can be compared to the mean values of the participants’ raw scores (cf. Figure 28): 
Pre-service teachers at the beginning of their induction phase at schools reached the 
highest scores and have consequently shown best their competence of analysing the 
use of multiple representations. Negative and also lowest parameters were revealed 
for the student teachers at the beginning of teacher education. The difference to the 
pre-service teachers, who had already finished their university education, was 
highly significant. Also the pre-service teachers after their induction phase reached 
significantly higher person parameters than the student teachers. However, the in-
service teachers’ estimated parameters were negative and comparatively low. This 
is due to the fact that the Rasch estimation included both, open-ended and closed-
ended items and the student teachers high test scores on the closed-ended items 
(Figure 28) were also reflected in their person parameters (Figure 35). However, it 
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can be concluded that the high degree of similarity between the Rasch estimated 
person parameters and the participants’ raw scores regarding the four levels of pro-
fessionalisation can be taken as further indicator for the quality of the measures and 
contributes to the validity of the test instrument.  
6.5 Limitations of the study 
Although the research questions could be answered, the study has some limitations 
which suggest to interpret the results with care. First, the sample of the study is not 
representative for mathematics student teachers, pre-service teachers or in-service 
teachers in the state of Baden-Wuerttemberg. Although the participants were, for 
example, recruited from different Universities of Education and from different sec-
ondary schools, the generalisability of the results might be limited. Second, the sizes 
of the subsamples differ to a large extent. It was tried to compensate for unequal 
group sizes by choosing appropriate post hoc procedures for multiple comparison, 
but the results for the small groups should still be interpreted with care. Third, the 
multiple matrix design leads to a large amount of missing response data. Although 
IRT-based estimations are assumed to compensate for missing data by design, tra-
ditional reliability indices could not be computed. Fourth, all classroom situations 
were situated in the content domain of fractions. Although multiple representations 
play an essential role for the learning of fractions and this focus was necessary in 
order to enhance the compatibility of the classroom situations, the findings might 
be restricted to analysing the use of multiple representations in the case of fraction 
learning. Fifth, low-performers were not well targeted due to the high difficulty of 
the test items. This could also be a reason for the low EAP/PV-reliability-indices. 
Sixth, the video vignettes were staged videos, meaning they were especially rec-
orded for the test instrument of this study and based on the plots of the text vi-
gnettes. Although the positive evaluations regarding the authenticity of the vi-
gnettes support their quality, they were less complex than video clips that are rec-
orded during instruction.  
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6.6 Implications of the findings and need for further research  
In the following section, implications from the main findings of the study will be 
derived and needs for further research will be outlined.  
(1) It could be shown that vignettes in three formats (text, comic and video) were 
comparably suitable to engage student teachers, pre-service teachers and in-service 
teachers with the classroom situations of the test instrument. The vignettes were 
thus not only approved by experts but also, and even more important, by the partic-
ipants of the study. Since the participants’ engagement with the vignettes can be 
regarded as an essential prerequisite for their analysing of the classroom situations, 
these findings can be regarded as an important quality check. The findings can thus 
contribute to the field of competence assessment: When vignette-based test instru-
ments are developed, the specific characteristics of possible vignette formats should 
be investigated in order to ensure that the participants’ engagement with classroom 
vignettes is not impeded, for example, by low immersion or the perception that the 
vignettes are not sufficiently authentic. It should also be taken into account that 
teachers at different levels of professionalisation might differ regarding their per-
ception or preference of vignette formats.   
(2) The second main finding of this study is that teachers’ competence of analysing 
regarding the use of multiple representations was on average low. The results of the 
study give insight into the competence of analysing with respect to four important 
levels of teacher education: the beginning of university education, the beginning 
and end of the induction phase and for in-service teachers. Accordingly, it could be 
shown that teacher education at university appears to foster the competence of an-
alysing regarding the use of multiple representations. However, the scores of the 
pre-service teachers are not only relatively low but there is also a negative trend 
showing that the competence of analysing is not simply enhanced by more teaching 
experience in the induction phase or as in-service teacher. Given the high im-
portance of the competence of analysing multiple representations for the mastery 
of corresponding professional demands in the mathematics classroom, this study 
follows Dreher & Kuntze (2015a, b) in their call for more specific teacher profes-
sionalisation and emphasises all levels of teacher education. Vignettes as imple-
mented in the test instrument of this study could serve as rich learning opportunities 
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for corresponding teacher development programmes. The role of armchair analys-
ing is of particular importance in this context: Teachers at all levels of profession-
alisation can be given the opportunity to analyse classroom situations without the 
pressure of acting in the midst of instruction. The opportunity to foster the identifi-
cation of unconnected conversions and their interpretation as potentially obstruct-
ing for students’ learning in an armchair setting could thus contribute to the mastery 
of corresponding professional requirements in the mathematics classroom. 
Follow-up research should also investigate the competence of analysing in longitu-
dinal studies in order to gain insight into its development in the course of teacher 
education. Also the impact of specific teacher development opportunities with the 
aim to foster the competence of analysing the use of multiple representations, as 
described above, could be examined in this context.    
(3) The third main result of this study is that teachers’ analysing regarding the use 
of multiple representations was not related to the different formats of the classroom 
vignettes implemented in the test instrument (text, comic, video). It can thus be 
concluded that all three vignette formats were comparably effective to measure the 
competence of analysing the use of multiple representations in mathematics class-
room situations. With respect to different question formats, it could be shown that 
open-ended questions were systematically more difficult to answer than closed-
ended questions. These findings can contribute to the field of vignette-based com-
petence assessment: When test instruments are developed, it should be investigated 
which possible vignette formats and question formats are most suitable to reflect 
the specific professional requirements focused in a competence assessment. It 
should particularly be taken into account whether specific characteristics inherent 
to a certain vignette format are suitable to facilitate the analysis of a presented class-
room situation or whether such characteristics could also impede analysing. How-
ever, certain characteristics of vignette formats, such as a high degree of temporality 
or high amount of context information, might also be implemented on purpose when 
they are part of the professional requirement under investigation. From the findings 
on different question formats, it can be concluded that it is an essential question 
whether teachers articulate their analysing results in open-ended or closed-ended 
items, as closed-ended items might lead to systematically lower item difficulties. 
These findings are in line with findings reported above (e.g., Hartig et al., 2012), 
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but can also add to them as the study presented here investigated open-ended and 
closed-ended items that share a common vignette as stimulus in order to make the 
articulated analysing results comparable. In this context, open-ended items ap-
peared to be particularly suitable for the assessment of the competence of analysing 
the use of multiple representations: As teachers were expected to identify uncon-
nected conversions in the classroom vignettes and to interpret them as potentially 
obstructing for student’ understanding, open-ended items could provide better in-
sight into their analysing results. The implementation of open-ended items is sup-
ported by the good inter-rater reliability that could be reached in this study. Follow-
up research should add to the findings of this study by analysing teachers’ answers 
to the open-ended questions in a more qualitative approach, for instance, in order 
to investigate which professional knowledge the participants draw on in their argu-
mentation (cf. Dreher & Kuntze, 2015a) or what kind of alternative strategies they 
suggest for the teachers’ reactions in the classroom vignettes. Therefore, open-
ended formats might also be suitable for assessing teachers’ competence of analys-
ing in longitudinal studies as a qualitative approach might provide insight into how 
this important aspect of mathematics teachers’ competence develops.  
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8 Appendix 
Zusammenfassung 
Fragestellungen zur Konzeptualisierung und Messung professionsbezogener Kom-
petenzen von Lehrkräften stellen ein hochaktuelles Thema in der mathematikdidak-
tischen Forschung dar (z.B. Kunter et al., 2013; Kaiser et al., 2015). Trotz unter-
schiedlicher Ansätze in diesem Bereich besteht weitgehend Konsens darüber, dass 
Kompetenzen die persönlichen Voraussetzungen zur erfolgreichen Bewältigung 
berufsspezifischer situationaler Anforderungen beschreiben (Baumert & Kunter, 
2013) und prinzipiell erlernbar und vermittelbar sind (Weinert, 2001b). Es gibt je-
doch keine „Kompetenz“ per se, da die Beschreibung einer solchen stets einen re-
levanten berufsspezifischen Kontext voraussetzt (Hartig, 2008). Der Ausgangs-
punkt zur Beschreibung und Definition einer professionsbezogenen Kompetenz für 
Lehrkräfte sind folglich die beruflichen Anforderungen, die Lehrkräfte erfüllen 
müssen, um in Interaktion mit den Schülerinnen und Schülern die Lerngelegenhei-
ten bereitzustellen, die verständnisvolle Lernprozesse ermöglichen (Lindmeier, 
2011; Koeppen et al., 2008; Baumert & Kunter, 2013). Für Mathematiklehrkräfte 
wurde der Umgang mit vielfältigen Darstellungen als eine solche zentrale Anforde-
rung beschrieben (Hill, Schilling & Ball, 2004; Ball, Thames & Phelps, 2008). 
Zahlreiche Studien weisen darauf hin, dass hierbei die Wechsel zwischen unter-
schiedlichen Darstellungsformen komplexe kognitive Prozesse erfordern und oft-
mals für viele Schülerinnen und Schüler zu einer Lernhürde werden (z.B. Ains-
worth, Bibby & Wood, 1998; Duval, 2006; Ainsworth, 2006). Lehrkräfte benötigen 
daher spezifisches Wissen in diesem Bereich, um die Lernenden bei Darstellungs-
wechseln unterstützen zu können (Duval, 2006; Mitchell, Charalambous & Hill, 
2014; Dreher & Kuntze, 2015a, b). Lehrkräfte müssen jedoch auch in der Lage sein, 
Unterrichtssituationen zum Umgang mit Darstellungen zu analysieren, also Be-
obachtungen in Unterrichtsituationen mit diesem Wissen zu verknüpfen, um poten-
tiell schwierige Darstellungswechsel erkennen zu können (Friesen, Dreher & 
Kuntze, 2015; Friesen & Kuntze, 2016). Es besteht weitgehend Konsens darüber, 
dass diese Analyse von Unterrichtssituationen eine wesentliche Voraussetzung da-
für darstellt, dass Lehrkräfte überhaupt passende Lernangebote und Hilfestellungen 
zur Verfügung stellen können (z.B. Sherin, Jacobs & Philipps, 2011; Schoenfeld, 
8 Appendix 113 
 
2011; Santagata & Yeh, 2016). Dennoch bleibt in aktuellen Konzeptualisierungen 
professionsbezogener Kompetenzen von Lehrkräften das Analysieren von Unter-
richtssituationen im Hinblick auf potentiell hinderliche Darstellungswechsel weit-
gehend unberücksichtigt (z.B. Baumert & Kunter, 2013; Kaiser et al., 2015). Im 
Rahmen dieser Studie wird daher ein solches fachdidaktisches Analysieren von Un-
terrichtssituationen als wichtige professionsbezogene Kompetenz von Mathematik-
lehrkräften beschrieben. Da es bislang kaum empirische Studien gibt, in denen eine 
solche Kompetenz untersucht wurde, soll somit auch ein Beitrag zur Messung fach-
didaktischer Analysekompetenz geleistet werden.  
Um Kompetenzen von Lehrkräften unterrichtsnah zu erfassen, gelten vignettenba-
sierte Erhebungen als besonders geeignet (Kaiser et al., 2015; Blömeke, Gustafsson 
& Shavelson, 2015). Entsprechend wurde im Rahmen dieser Studie ein vignetten-
basiertes Testinstrument mit sechs Unterrichtssituationen aus dem Bereich Bruch-
rechnung (Klasse 6) entwickelt, in welchen der Umgang mit Darstellungswechseln 
eine zentrale Rolle spielt. Bislang gibt es wenige Untersuchungen dazu, welche 
Rolle unterschiedliche Vignettenformate für die Auseinandersetzung mit Unter-
richtsvignetten (z.B. für die wahrgenommene Authentizität) und die Analyse zum 
Umgang mit vielfältigen Darstellungen spielt, dasselbe gilt für unterschiedliche 
Frageformate. Da die spezifischen Eigenschaften unterschiedlicher Vignettenfor-
mate und Frageformate bei der Kompetenzmessung jedoch durchaus eine Auswir-
kung auf die Schwierigkeit der Items haben können (Hartig, 2008), sind Untersu-
chungen hierzu im Rahmen dieser Studie von besonderem Interesse. Um dem be-
schriebenen Forschungsinteresse nachzugehen, wurde jede der sechs Unterrichtssi-
tuationen im Testinstrument in drei Formaten (Text, Comic, Video) umgesetzt und 
offene sowie geschlossene Frageformate zur Analyse des Umgangs mit Darstellun-
gen in den Unterrichtssituationen vorgelegt. Das beschriebene Testinstrument be-
arbeiteten N = 298 Lehramtsstudierende, Lehramtsanwärterinnen und Lehramtsan-
wärter sowie praktizierende Lehrkräfte. Die erhaltenen Daten wurden mit Rasch-
modellen analysiert, um die Qualität der vorgenommenen Kompetenzmessung zu 
prüfen (Bond & Fox, 2015).  
Die Ergebnisse belegen eine gute Auseinandersetzung der Teilnehmerinnen und 
Teilnehmer mit den Vignetten in allen drei Formaten (Text, Comic, Video), 
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wodurch eine wichtige Voraussetzung für die Analyse der vorgelegten Unterrichts-
situation gegeben war. Es zeigte sich, dass fachdidaktische Analysekompetenz zum 
Umgang mit Darstellungen unabhängig von den eingesetzten Vignettenformaten 
(Text, Comic, Video) als eindimensionales Konstrukt modelliert werden kann. 
Während die drei unterschiedlichen Vignettenformate keinen systematischen Ein-
fluss auf die Analyse der Teilnehmerinnen und Teilnehmer zum Umgang mit Dar-
stellungen zeigten, wurde nachgewiesen, dass die Items aus den geschlossenen For-
maten systematisch leichter zu beantworten waren. Die Analyseergebnisse der Teil-
nehmerinnen und Teilnehmer lassen auf eine eher niedrige Ausprägung fachdidak-
tischer Analysekompetenz zum Umgang mit vielfältigen Darstellungen schließen, 
da potentiell problematische Darstellungswechsel in den Unterrichtsvignetten häu-
fig nicht erkannt wurden. Insgesamt konnte festgestellt werden, dass die drei Vig-
nettenformate Text, Comic und Video vergleichbar zur Erhebung fachdidaktischer 
Analysekompetenz zum Umgang mit vielfältigen Darstellungen geeignet sind.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
